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SYNOPSIS 

This thesis pirosonts tho details of studios carried 
.yut in throe fibre fac‘‘''j .-los - one each of a juto, cotton 
and woollen mills - in .hapur for ascertaining the parti- 
culate pollution condi uas in thoir working environments, 
in general. It also gives results of detailed stu''''ies 
carried out in tho jutc mil to determine the health effect 
of particulate pollution on workers and to evaluate the 
adequacy of existing ventilation system in reducing the 
pollution. Tho results indicates that tho pollution levels 
in tho preparing sections of all fibre factories are higher 
than pornissiblo limit, during all seasons of tho year. A 
small percent of workers in tho preparing sections of the 



jute mill seems to show symptoms of Byssinosis. The results 
also indicates that existing ventilation is inadequate and 
natural ventilation alone cannot be depended upon for 
reducing particulate pollution. Modifications are suggested 
for improving the existing ventilation system. An outline 
of design considerations for a ventilation system for new 
jute mills is also given. 



CHA-PTBR I 


IIJTRODUCTIOI 

Ifen, today, is fully aware of the adversities of 
pollution around hin. Industrial workers are often exposed 
to a nuch nore severely polluted environnent on the shop floo 
than would ever he oxi orienced by the comnunity in general. 
The capability of nan to adapt to adverse conditions is well 
known. But the pollution conditions present in nany indus- 
tries are so severe that his tolerance Units are always 
exceeded and hence the prohlen. Today's factory worker is 
beconing nore and nore aware of these facts and is demanding 
a healthier and nore comfortable environment to work in, A 
group of contented workers is an asset for any industry and 
for the country as industries arc the buildings blocks of a 

jation's economy. Industrial hygienists have a groat task 

of 

of identifying the vast nultitudc/pollution problems and 
finding methods for tl Ir solution, 

1.1 HISTORY 

Awareness of na.i towards occupational diseases dates 
back to the tines of Hippocrates who lived in the fourth 
century B,C, and was the first to record the adverse effects 
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of lead exposure upon niners and metallurgists. But the 
protlGn was not severe till the advent of Industrial Revolu- 
tion. In the initial stages of the revolution, health and 
confort of workers wore not matters of concern for industri— 
a.lists. By the beginning of the 19th century, labour legis- 
lations came into force (Patty 1950) and this paved the way 
for dovelopnonts in the field of industrial hygiene. From 
then onwards, the progress nado in this field is very encou- 
raging, Today, industrial hygienists are capable of anti- 
cipating and preventing most hazardous situations before se- 
rious injuries are resulted* 

1.2 PROGf-RBSS OF IITOUSTRIAL HJGIEEB IB FOREICT OOIMTRIBS 

Industrially developed countries like the U. S.A., 
England, Russia, Germany and Japan have made extensive str- 
ides in the field of Industrial hygiene, laws have been pro- 
mulgated reqtuiring industries to remove dust and injurious 
gases from the working area and to give compensation to 
workers for accidents and infirmity resultedfron working in 
dangerous trades. In the U.S.A, many voluntary and social 
organizations have also done good service in collecting 
data and suggesting control measures. Some Educational 
Institutions have started giving specialized instructions 
in this field from 1940 onwards. In England medical phases 
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of industrial Jiygiene have received nore attention than te- 
chnical and engineering phases of evaluation and control 
In Russia special attention is given to questions involving 
letter labour conditions. In Gernany nunerous regulations 
are ained toward nedical examination and mechanical safeguards. 
The regulations are enforced by a host of factory inspectors, 
Japan has established o.n Industrial Hygiene association. 

There IS ample evidence of growing interest in industrial 
liyg.-’eno lU nearly all countries, 

1.3 OORDITIjIS IN IRD ; 

The hygienic co id it ions in Indian industries are very 
poor and little is done in improving them compared to the big 
advancements made by developed countries in this field. Many 
reasons may be attributed for this unfortunate situation and 
some are given below : 

1) ^ck of information regarding pollution conditions in 
various industries, 

2) the enormous cost of control measures, 

3) justified reluctance on the part of industrialists to 
invest huge amoimts on control measures which give no 
return in terms of money. 

unawareness of the workers of the potential dangers 
of pollution. 


4 ) 
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5) lack of effective legislation for implenenting control 
raeasures (The penalties for not abiding the law are gen€ 
uoagro and industrialists oay be happy in paying the 
laenalty rather than invosting on costly control nea- 
sures); and 

6) the unscientific way of iiplenenting existing legisla- 
tions. (At pro -c it pollution conditions insido factori 
are assessed on the basis of reports fron factory ins- 
pectors who soldon do their job sincerely). 

1*4 POLLUTIOIT GONDITIOHS IN FIBRE INDUSTRIES 

Fibre factories, nainly, have particulate pollution 
problens. During the preparing and finishing processes of 
natural fibres mny particulates like dust, fibre and funes 
will be escaping into the working environnent of the factori e 
The nature and concentration of these particulates will de- 
pend on the type and gra.de of the raw mterials, type of pro- 
cessing, effectiveness of control measures provided, if any, 
and the general ventilation conditions in the factory rooms. 
Exposure of workers to the pollutants is likely to be inju- 
rious to their hoa.lt h. 

1.5 EFFECT OF PADTIOUDATB POLLUTIOIT ON WOHKEItS 

Particulate pollution in fibre factories have the 
following direct and indirect effects on the workers. 
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1.5.1 Direct effects : 

Particulates of sises less than 10 nicrons -will go 
into the lungs of workers luring respiration. A large por- 
tion of tne fine particolates will be deposited in the lungs 
caucing pulnonary dust ’'iseasos like silicosis, fibroo-S, 
byssinosis, etc, 

1.5.2 Indirect effect : 

Indirectly particulates act as carriers of pathogenic 
organisns and toxic and irritant gases. Thus conrion cold, 
influnaa, tubaculosis, etc, can be comunicated through dust 
carrying those causative agents. Toxic gases which woul'"'' have 
boon renoved in the upper parts of the respiratory tract are 
c'’rriC'T deeper irto the respiratory syston by dusts which 
, 00 rb and retain the gasc:. 

1 « PT prdi: musTDY in l.ma 

In India, wc have oil types of fibre factories, 33 ntho- 
tic and natural. Partic-l '^00 pollution in synthetic fibre fa- 
ctories are relatively much less conpared to that in nat-ural 
fibre factories due to the well controlled atmosphere needed 
and maintained even if for entirely different reasons. 

Cotton industry is the largest single industry in 
India, In 1972, cotton textile industry consisted of 674 mills 
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"wil;]! a ■fco'fcal inslialled capaci'by of 1G2 lakh, spiadlos and 
2,38 lakh loons. The nianber of workers employed in these 
mills stood at 9.57 lakhs (Publications Division 1974). The 
major areas of cotton industry are Ahmedabad and Bombay, 

Kanpur is the largest centre of cotton textiles industry in 
Korthem India and has 14 cotton mills. 

As the biggest foreign exchange earner, 3 uto industry 
occupies an important position in the country's economv. 

The export earnings fr.3m jute materials was Rs.263*29 croros 
in 1971-72, (Publications Division 1974). The jute infuctry 
employs 240,000 persons - 9 percent of factory labour in Indi"' 
(Kothari and Sons 1972), There are 64 jute mills in Inlia of 
which 54 are located in West Bengal (Shan lal ed. 1972). The 
amount of jute processed cones around 70 lakh bales per year. 
Kanpur also has a few jute mils. 

There are 102 woollen mills in India and majority of then 
(40) are situated in p-unjab. One of the largest, the 'lal 
Imli’ IS however located in Kanpur, 

The particulate pollution conditions in most of these 
factories are severe as.- there are but few control neasui-es 
to reduce pollution. Prom the data given above it is clear 
that a large number of workers are exposed to the adverse 
effects of particulate pollution in fibre industries. The 
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resulting loss to the nation in terns of nedical expenses and 
nan-hours is bound to ho quite signif 5 cant • 

1.7 HEED FOh PfiSSElTT S^UDY 

The present stuJ.- was undertaken with the specific 
]?urpose of ascertainin__, the particulate pollution conditions 
in sone fibre factoric ' f Kanpur and its effect on workers, 
Attenpt was also nade bo deterniine the influence of vontilati . 
on particulate concentrations and transport inside tho factory 
roons. It IS expected that the .osults of the study nay 
serve as a basis for the design of inprovod ventilation systems 
for fibre factories with a view of reducing particulate pollu- 
tion hazards to the health of workers. 



CHAPTER II 


LITERATURE REVIEW 

Occupational diseases and their causes were topics 
of intense study during the last jiony decades. Health con- 
ditions of workers in cotton mils were quite deplorahle till 
people recognised the actual causes. Investigations hy 
Prausnitz (1932) showed tho.t the inflaraatory irritation of 
nasal pharynx and bronchi among workers of cotton industry 
was caused by the high dust concentrations. Other investi- 
gators like Roach and Schilling (i960), Mokky ot al (1967) and 
'■■'opa et al (1969) have studied the health conditions of work- 
ers in textile mils an'' found that their respiratory functionf 
wore adversely affoctor by the dust inhaled by them. The 
i-nflu^nco of inhaled t on respiratory diseases s:as co 
pronounced that terns like ’pul' unary dust disease’, 
’pneumoconiosis' (a lung containing dust)jetc have boon added 
to the medical terminology. 

2 . 1 PARTICULATES AND THEIR BFE E CT ON HEALTH 

Particulate is a term used to represent a large 
number of contaminants. According to Patty (1958), particu- 
late matter includes aerosol, dust, fog, fume, mist, smog and 
sjioko. In the present study the torm particulate is used 








of dust 


The entry of dust into the respiratory systen* and 
its possible retention there deponds oh the particle' size ♦ 
LaBelle (1955) records, that only 20 percent of particles of 5 
size will penetrate the nasopharynx where as there will be 
lOO^penetration by 1 p size particles. Brown et al (i960) 
explain the differential settling of dust particles at various 
levels of the respiratory tract. The particle size is also 
inportant from the point of view of particulate transport 
in the working environiient. According to Hcneon (1963) fine 
particles of size loss than 20 p will move with the room air. 
So the escape of such particles into the air from various 
industrial operations will find its way into the respiratory 
system. 

Surface area of dust is mportant as the sane deci- 
des the amount of toxic gases sorbed by the dust. Synergic 
effect of aerosols causing changes in toxicity to Todevrts 
is reported by LaBelle (1955). Inert dust may become additi- 
onally harmful when some toxic gases also are present in the 
atmosphere. Bine particles will have a very large surface 

area. If a cube of a mineral l^cm. side were ground to form 

12 

cubes of 1 p size, it will result in 10 particles with a 
total surface area of 6 sq. meters as compared with 6 sq.cm, 
for the original cube. 
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Tlio settling rate of particulates are inportant 
in designing control noasures for dust pollution. Chonical 
naturo of tiio dustZdoccaso wliich. the particulate will cause. 
For Gzamplo tho presence of free silica in the environment 
in sufficient concentrations will load to silicosis. 

2.2 FATE^OF DUST ENTERING THE BFSPIRATORY SYSTEM 

The human respiratory system, is meant for supplying 
oxygen into the blood stream and removing carbon dioxide 
from it, tho exchange sites being thin walls of alveoli 
situated deep in the lungs. Dust entering the lung with the 
air IS a foreign matter and will do harm to the normal fun- 
ctioning of lungs. 

During inspiration air enters the nasal openings, 
passes through the pharynx, larynx, trachea, bronchi and 
bronchioles, into the lir sac <.jr alveoli (Hamlin 1944). Par- 
ticles of size more thn,n 15 to 25 microns will be caught in 
the nasal passage or at the back of the throat. Particles in 
size range of 5 - 15 microns impinge and get deposited on 
the moist walls of tho respiratory passage (Altshuler 1957) 

In the alveoli, the air is moving very slowly and finer 
particles settle and come in contact with the moist alveolar 
wall, 

/ will decide the type of pulmonary dust 
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Particles caiij:lit 'before reaching the alveoli 
arc continually swept toward the mouth by the collated epi- 
thelium. Particles cau ,ht in the alveoli nay be absorbed 
though the alveolar wall or nay be engulfed in phagocyte cells 
and be carried into the blood capillaries, /.tracheobronchal 
lymph nodes. It is hero that fibrosis of healthy lining tissuoc 
starts following quartz-dust inha,lation. Excessive inhalation 
of dust causes serious pulmonary disease generally named 
Pneuno-coniosis, Silicosis, asbestosis, anthracosis and 
byssinosis a,re few forms of pnouno coniosis, the names being 
derived from the type of dust deposited, 

2.5 PEEUMOOOPTIOSIS 

2.5.1 Byssinosis 

This is a chronic respiratory disease of cotton, 
flax and hemp workers, characterised by chest tightness and 
breathlessness at work c ftor the weaken! break or other absence 
(Schilling 1971). Epidemiological studies revealed that more 
than 40 percent of workers nay be affected with less dust 
control. Recent evidence confirm that the disease in caused 
by some brancho-constricting agent contained in the leaves 
of cotton plant, but not in the fibres or seeds (International 
labour Organisation 1971). 

or enter the lymphatics and be concentrated at the 



12 


2.3.2 Silicosis i 

This IS causGd by inhalation of air containing froe 
silica (Drinkor and Hatcl 1954)* Workers in nines or rock 
crushing units, whore Si 02 content nay be high in the air, 
are nore susceptible for this disease. But in fibre facto- 
ries also roon air nay o itain silica released fron the raw 
natorial. This nay bo j) 're luabablo in woollen mill as raw 
wool will contains a g lod anouiit of silica* Cotton anCl jute 
also nay contain silic'’ dopcnlint,, on whore they grow and hew 
clean the raw naterials rcaohxng the factory are, 

2.3.3 Fibrosis s 

The pathologic changes caused by fibrous particulates 
are not like silicosis. The fibres group about the neck of 
an alveolus and stinulatc the fornation of a diffuse fibrosis 
(Drinker and Hatch 195^). As fibrosis increases, the redu- 
ction of lung area causes serious dyspnea. 

2.4 OTHER HA2AHDS OF DUbT 

Dust can bo hazax-.'.ous to nan m an indirect nanner 
too as carriers of pat il. ;onic organisns and toxic gases, 

2.4.1 Dust as carriers of patho,",onic organisns 

Micro organisns in the atuosphoro are usually attached 
to aerosols. Caninita ot al (1943) have found G-raa- 
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nec'jatx've nicroorganisns occurin^i in large nunbers in low- 
grade cotton. The organism was responsible for acute illness 
which closely resembled 'mill fever‘ reported among cotton 
mill operators. 

2<^4«2 Dust explosion i 

According to the Ileport of Important Dust Explosion 
( 1957 ) many industries including cotton mills are susceptible 
for dust explosions. The explosion takes place when the 
concentration of certain particulates exceeds the lower 
Explosion limit (lEL). 

2.5 OOKTROL OF HEALTH H.i.gARDS DUE TO DUST 
2.5.1 Preumo come sis 

There are two ways of controlling occupational dis- 
eases, VIZ. medical control and Engineering Control (Sander 
1958). In medical control the workers exposed to dangerous 
conccntrc-tions of dust will be given annual medical examina- 
tion which includes X-ray of the chest. The patient nay be 
a,dvised to leave or change the job depending on his patholo- 
gical condition. 

In engineering control the basic cause in the pollu- 
tion condition will be reduced to tolerable limits. This 
has some advantage over the medical control as ’prevention 
IS, always, better than curve’. 
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There are two staMards for fixing the tolerance 
levels for different pollutants. As per the hygienic 
standard only such concentmtions of pollutants will be 
penaitted which do not directly or indirectly exert hamful 
or unpleasant effects on nan. According to the sanitary st- 
andard the tolorance level is fixed considering the econo- 
mical attainability and local conditions. 

For example the permissible *level of dust concentra- 
tions in industries is fixod by the American Conforenoe of 
(Jovemmental Industrial. Hygienists based on the epidoniologi*- 
cal survey of 458 cotton mill workers in which dirst concen- 
trations were also measured* Tho results were plotted on a 
graph as shown in Fig, 2,1, At a concentration of 4 mg/n'^ 
more than 50 percent of workers had ^mptoms of Byssinosis, 
But there is a point in the graph at 1 mg/m^ when the 
percent incidence was' ncgligiblo. 

So this concentration was chosen 
as the pemissible limit, (Inter- 
national labour Organisation 1971) • 

2.6 BIRTI- 

OBMTB POllITTIOF 

There are different methods 
of engineering control for reducing 
partictilate pollution. Bnclosed 



— 'Relationship betwo 
Prevalence of byssinosis and 
dust concentration* A, all 
grades, B, grades 1 and 2, 

C» grade 2, 
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_rocGS3cs, oxhouLst vcnxilation, process nodif ications, etc 
•'.re a fow Gn3incori]a£j tocliniguos used to ensure safe concen- 
trations of dust in the air brcatiied by worknen (Sander 1958)* 
j^PBonal protectives like respirators will afford individual 
protection under certain circunstances. 

Enclosing the sources of potential dangers will pre- 
vent the dispersion of pollutants into the working environment 
thus protecting the worker. Exhaust ventilation ronoves conta- 
iinatcO air continuously so that their pollutant concentra- 
tion never goes above permissible limits, Hewitt (1973) gives 
a method for the effective containment of air-borne contami- 
n-^nts by controlling the air flow pattern. This is a very 
useful method and will ho,ve wide applications in particulate 
pollution control, Works of Tuve (1944), Hama (1973), 

Dean (1974) etc give methods for the design of ventilation 
systems to reduce particulate loollution in industries. 

Process modifications are methods like wotting to 
reduce the escape of particulates. (Bamford 1955) has deter- 
mined the optimum moisture content which gives least dust 
raising in a foundary. Similar methods may be possible, in 
fibre industry also. 

Particulate pollution control is well within the 
capacity of engineers. The fine particulates of hygienic 
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sicpiif icance can eaeily bo renoved or prevented from reaching 
the broathinj zone of workers by controlling the air flow 
j)attGrrs and providing sufficient flow rates. The methods 
presently available are quite adequate for this purpose. In 
bins connection it ray bo pointed out that ultra,fino parti- 
cles below 0.35 P size, which ar*e difficult to be renoved 
from air streans, will not bo deposited in the huiian lungs 
(nltshulor 1957). &e an engineering control uoasure to 
eliLiinato all particulates of hygienic significance fron 
the working onvironiients of fibre factories will not be an 
’utopian' droan but a practical feasibility. 



CHiPfBS III 


PROCESS DETAILS ADD GSNllAL POLLDTIOIAL SITDATIORS 
IN FIBRE INDUSTRY IN EANPUR 

Fibre factories nay be broadly classified into t ¥0 | 

catagories - natural and sjmthetic. For synthetic factories, ' 
complete or partial air conditioning is a process requirement. 

So particulato pollution - a problem facing most fibre fact- 
orios - is noo.rly absent in these factories. In natural 
fibre factories we have cotton, jute and woollen mills. Eanpur 
has the fortune (or misfortme) of having units of each type# 

3.1 PROGBSS DETAILS 

3. 1-1 Jute M i lls i 

Fig. 3.1 shows the flow- diagram of various processes 
in a jute mill. The raw jute is sorted out depending on 
their quality. An emulsion (mixture of oil and water) is 
sprinkled on the jute to soften it. The jute then goes to 
the softening section whore it is sent between toothed rollers. 
Emulsion is supplied here also# The bigger impurities from 
the jute one removed in this section; The Jute is then 
piled for a period varying from 24 hours to 5 days depending 
on the quality of juts, Softer varieties requiring shorter 
periods and harder ones longer periods. The jute then goes 



s sort in 
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to the carding section. Before feeding to the carding na- 
chinos the harder portions (usually the ends) will he renoved 
by cutting. In the carding section jute passes through three 
types of carding nachines ~ breaker cards, inter cards and 
finisher cards - in succession. The processes are designed 
to break up hard tufts aid to ronove impurities and short 
fibres. ( The po.rticulato pollution is maxiinum in these sect- 
ions.) This IS achieved by passing the jute between a series 
of spiked cylindrical rollers. In the drawing section bho 
sliver rolls (product ol carding section) are passed tlirough 
drawing francs for corabing a.ction to nake the fibres parallol 
and to reduce the weight of fibres as per specifications. In 
the spinning section threads arc made by high speed spinning 
rings. Tho threads are wound on rollers (beans) or cops 
to nake 'warps’ and 'wefts' rospoctivoly for weaving. Tho 
products are narketod aftor finishing processes like damping 
calendering otc. 

3.1.2 Gotton Mills 

The different ijrocosses in a cotton mill aro given 
in Pig. 3.2. The raw cotton cones in tho fom of bales. 

The halos aro opened anJ raw cotton is fed into tho halo 
breaking nachino. The cotton passes between rollers when 
dust and other uipuritios aro renoved. Then it passes 
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Fig, 3*2 Processes in. a cotton nill 
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through a revolving boat or where centrifugal action ronoves 
dust and impuritios. Then it goes to opening and scutching 
machines where nixed cotton is further cleaned and opened by 
the combined action of revolsing beaters and air currents 
against a grid through which the dirt passes. The cotton 
GLiorging out, in a much bulkier form, is rolled and sent 
to the carding nachines. Carding is designed to malcc the 
cotton fibres parallel bo oach other, to break up hard tufts, 
and to remove short fibres and impurities. For this the 
cotton IS sent through a sieve of toothed and spiked cylin- 
drical rollers and finally bring the fibres together in a 
rope liko form known as sliver. 

The silvers then go ; to t]io spinning section where 
drawing, slubbing and roving machines aro used for elongating 
and attenuating the cotton yarn. The final step in this 
section IS further attenuation of the yarn accompanied by 
simultaneous twisting. This is done by a machine called a 
ring frame. The yarn is now ready for weaving. The two sets 
of threads - warps and wefts - required for weaving are wound 
on long rollers and snail tubes called cops respectively. 

The fixiishing operation that follows consists of a senes 
of processes like singering, desizing, scouring, dyeing, etc. 
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3.1.3 Woollen Mills ; 

The major processes in a woollen mill are given in 
Pig, 3.3. The raw wool coning cs "bales are opened and fed 
to a scouring machine, whore it is washed and cleaned using 
detergents and hot water. All dirt and grease from the wool 
are aliiiost removed by this operation. The scoured wool goes 
to the blending section where wools of different qualities are 
nixed together, Pearnoiighb, an inportant machine used for 
prepcxration of blonds do^s the opening of wool preparatory 
to carding. Oiling of \ool also is done at this stage. The 
wool then goes to cardin^i section where it is sent between 
toothed and spiked roO-lors, The combing action straight ' 
the fibres and the wool coiaes as threads which goes to drawing 
and spinning sections. In these section the threads arc elo- 
ngated attenuated and twisted to raako fine threads. Weaving, 
milling and finishing of the products follow, 

3 . 2 GEL TERAl POLLUTION COlMDITIOhS IN FIBRE PAGTORIES 

3.2,1 Jute Mills : 

Probably, this is the most polluted of the throe types 
of mils, especially in v lo preparing sections. In the assor- 
ting, softener and can'iig secbions the particulate pollution 

to 

IS visibly high compared /other sections. Exhaust systems 
provided does not seem bo funcbion effectively. Uoiso levels 



V/oc 1 ( 3??J c 3 ) 







24 


in tlie weaving section was found to bo high.. Most workers 
in the preparing sections are affected by the particulate 
pollution. A few workers in these sections were found to be 
using some cloth to cover their nostrils. 

Humidifiers are used to maintain required humidity 
conditions. Temperature control is done only during summer 
when cool air is supplied into the room. But for the parti- 
culate pollution the conditions inside the factory seem to be 
generally, comfortable to workers. However, during hot seasons 
when cool air was not supplied the workers were exposed to 
temperature stresses. The discoiifort nay be caused by the 
high humidity. The contribution of the mill to air pollution 
was found to bo insignificant, 

5.2,2 Cotton Mills ; 

Pollution conditions were found to bo existing in most 
sections of the cotton mill. The local exhaust arrangement 
in the preparing sections help to reduce particulate pollu- 
tion to a great extend. The high relative humidity maintained 
in the spinning and weaving mills increases the worker dis- 
coi'ifort^ In the finishing sections like bleaching and dye 
houses the temperature 'vns found to be very high. The par- 
ticulates collected in tho initial stages were simply released 
to tho atmosphere. Its contribution to air pollution is 
more compared to that from the jute mills. 
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3.2.5 Woollen Mills i 

Particulate pollution exists only in the scouring 
and old carding sections. Cool air is not supplied in any 
of tho sections. So during sumer months the heat stress on 
the workers is high, OontrilDution to air pollution is not 
through particulates escaping from the processes. 

In general pollution condition in preparing sections 
of tlio factories are high. Workers in these sections have 
Jicalth problems creatu '' by particulate pollution. It seems 
that control of pollubion is not difficult. 



OHAPTER TV 


OBJECTIVES ARD PLAN FOR DETAILED STUDY 

*: . 1 OBJECTIVES 

The objectives of the present study were : 

1) Assessment of particulate pollution and characterisation 
of the particulates present in the various sections of 
fibre factories, 

2) Assessment of seaS'infl variations in pollution conditions 
and their relations to the then prevalent ventilat: on 
conditions, 

3) Assessment of the effect of particulate pollution on the 

healih and comfort of workers, '' 

4) Evaluation of the adequacy of existing ventilation system 
to reduce particulate pollution in the working environments 
of factory rooms. 

5) Finding the defects in and suggesting remedies for the 
present ventilation system, and ■ 

6) Suggesting a desirable ventilation system for fibre 
factories, 

4.2 PLAN FOR DETAILED STUDY 

The study involved three distinct aspects : 

1) Field investigations - Measurements and sampling in 

fibre factories 
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2) laboratory work - Analysis of collected samples 

for quantitative determinatxon 
of undesirable items, 

!■) Theoritical studies - Evaluation of the performance oi 

the present ventilation system 
and design of a desirable ven- 
tilation system for fibre 
factories, 

'^■•2,1 Field J n~ ^"estiig:a " i ons ; 

It wis proposed c. carry out studies in one unii o?ch 
of the throe typos of litre factories, viz,, jute, cotton 
and woollen. The cute factory where the problem of dust 
pollution inside the factory was apparently much more severe the 
either cotton or woollen mills was chosen for a relatively 
more detailed study while in case of the other two mills 
only skeleton studies could be made in view of the available 
time and effort. 

Details regardii the location and orientation of the 
"elected factories were collected. Meteorological data like 
wind speed and directi temperature and relative humidity 
in the area wore collceeod from the observatory at the 
Institute of Agricultural Science, Kanpur. For the jute 
mills, the dimensions of the various sections, locations and 
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siseG of openings, locations of machineiy, etc,, were found 
out and roquioite plans'! and sections prepared. Details of 
exhausts - therr number, locations, capacities, etc,, were 
recorded. 

The following measurements and sampling operations 
were carried out for the assessment of actual situations and 
for suggesting impro'vements, 

1) Particulate Production and Transport ; A detailed study 
of the v'Tious processes was made giving special importance 
to the mochanism of production and transport of particulates, 
Fiffort was maio to detci'mine the quantity of air-borne parti- 
culates loroduced by different machines. Estimates were also 
made of the amount of x'-articulates settled on the floor, the 
quantities discharged through doors and other openings and 
that carriod away in the exhaust streams. 

2 ) Particulate Concentrations: Concentrations of parti- 

culates in the room air were found out using standard sampling 
methods. For this, the room was devided into grids of con- 
venient sizes and sampling carried out at grid points. The 
vertical dispersion of particulates was studied by measuring 
concentre tions at different levels (50, 150 and 300 cm.) 
above floor level. These measurements were carried out? during 
different seasons (in the case of the jute mills) to ascertain 
the seasonal variations in particulate concentrations, 
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1) the weight concentrations of particulates in the various 
departments of tho factories, 

2) the particle size distribution - mean sizes by number 
and weight, standaj'd deviation and percent — fractions 
of different sizes, and 

3) the characterization of tho particulates - separation of 
dust and fibre fractions, fixed and volatile fractions 
and determination of free silica and microorganisms . 

4.2.3 Theoritical Studios i 

The velocity distribution and flow patterns inside the 
facto 2 ?y room are important factors in aontrelling the particu- 
late pollution. Actual measurement of velocities is very 
tedious and time consuming. Theoritical computations are 
possible to determine the velocity distribution inside the 
factory room for known inlet and outlet conditions, Br , 
even this is difficult because of the complexities produced 
by the presence of machinery and other fittings, novoment of 
workers and velocities induced by moving parts of machinery. 
Approximations could be done by treating the inlets and out- 
lets independently and determining the velocity distributions 
around them and then combining the flow patterns to get an 
overall picture. In this case care should be taken to 
balance the inflow and outflow. This approach was followed 
to determine the adequacy of the present ventilation system 
and to design a more desirable one for the jute mills. 




CHAPTER V 


materials are methods 

PART A FIELD MBASURBI'OHTS 

As stated earlier, the study was carried out in three 
factories -jnc jute mil, one cotton laill and one woollen 
mill. The locations of the mills are shown in Pig. 5.1. 

5.1 Details of Jute Mills : 

The production line of the mill includes softener, 
carding, drawing, spinning, winding and weaving sections. 

In the jute mill where ventilation studios were carried out 
these sections are housed in one hall. The general lay-out 
of the sections with machinery, fittings, openings and 
exhausts is shown in Pig. 5.2. The structural details of the 
production hall are given in Table 5.1. 

5.2 MEASUREMENT OP P/iRTIGULATB COHCEHTR/ITIONS 
5.2,1 Equipment 

The particillatc concentrations in the various sections 
were measured using a M.S.A, Eibct-Plo-Air Sampler (American 
Conference of Governmental Industrial Hygiehists, 1966), an 
instrument designed for collecting large samples of aerosol 
contaminants on filters for weighing and analysis in 
industrial hygiene and air pollution problems, M.S.A, Air 
Sampling Filters used along with this instrument are made 
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Table 5.1 Structural and Other Details'^ of the Production 
hall in tho Jute Mills where Ventilation Studies 
wore carried out. 


Particulars Dimensions 


Production hall size 

Production hall volume 

Number of doors 

Niimber of windows 

Number of sunlight openings 

on rooi 

-do- northern side 

Free area of doors on eastern 

sido 

-do- on northern and 
southern sides 

-do- on western side 

Free area of windows (all on 
eastern sido) 

Niuaber of exhaust fans 

Maximum capacity of exhaust 

fans 

Number of air supply inlets 
Rate of air supply 


145 X 38 X 4.5 n (with some 
irregular shapes at one corner] 

21700 (net) 

25 

14 

91 

5 

9.06 m^ 

8,94 

140.64 

..j 

42.00 s? 

4 

59,200 mVhr. 

60 

298.000 - 430,000 m^/hr. 


as on 7 - 4 - 1975. later modifications not included. 

The windows are ke. t open or closed depending on season. 
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of cellulose, glass fibre or a conbiuation of then* 

5.2.2 Sanpling Operation; 

At the sampling site, a previously weighed filter 
paper was placed on tho suction side of the sampler with 
its plane side facing the axxcc-tion of airflow. Tho sampling 
was carried out for a particular period of time and tho filter 
paper with sample on it was carefully removed, put in its 
cover and taken for ano-iysis in tho laboratory. 

5.3 MBASUREMEITT 0? VELOCITY DISTRIBUTION 

The velocity distribution in the room, at the openings 
and exhaust were determined by using an Anemotherm Air Metei 
(American Conference of Governmental Industrial Hygienists, 
1964) and a Vane-Anemometer, 

5.3.1 Instruments 

a) Anemotherm Air Motor; This is a uniq.uc example of hot- 
wire anemometer used to measure velocities in the range of 
10 - 8000 fpm. The probe of the instrument consists of two 
coils of fine nickel wire which connect through a cable to 
form arms of a Wheatstone bridge. One of these coils is 
heated by a separate current passing through a third coil of 
nichrome wire - in thermal contact but electrically insulated 
from it — forming a conducti‘''‘o junction. Air passing over 
the probe element cools the heated wire and varies its 
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resistance* This is reflected as a variation in air velocity 
on the pointer type scale. The Instrunent can he used to 
measure temperatures ranging from 0 to 255*^1’ hy disconnecting 
the heater current when the unheated wire acts as a tempe- 
rature sensitive resistance in the bridge circuit. It can 
also be used to measure static pressure in terms of inches 
of water from 0 to 10 in, water gauge, positive or negative 
by a combination of the probe and an auxiliary static 
pressure cap. 

b) Swinging Vane Anemometer (Yeloneter); It is a portable 
instrument extensively used in field measurements. It 
consists of light vanes radiating from a common shaft ^nd 
set to rotate when facing the wind. The vanes operate a 
counter which indicate the air speed in fpm. The minimim air 
velocity should be 200 fpm, for accuracy according to the 
maker's note of the velometer used. 

5.3.2 Procedure: 

The Anenotho3xi Air Meter was kept in operating 
condition by connecting the probe to the instrument mam, 
selecting the proper range and making the necessary checks. 
The probe was then held in the direction of air flow and the 
pointer was read when it became stationary. The procedure 
was repeated to measure velocities at different elevations 
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and at different stations. At doors, windows, and exhaust 
openings where the velocity of flow was more than 200 fpn, 
veloneter was used for the measurenent . 

5.4 MEASUREMENT OF TEMPERATimE AND RELATIVE HUMIDITY 

5.4.1 Instrument s 

A sensitive nercuiy-in-glass thermometer with a 
range of 0 - 100^0 was used for the measurenent of tempera- 
ture. A Sling-psychroneter, the simplest form of wet-and- 
dry-hulb psychrometer was used for determining relative 
humidity. This instrument has two mercury-in-glass ther- 
mometers mounted on a frame and arranged with a swivel- 
mounted handle at the end so that it can he swung rapidly 
to give proper air velocity. The wet hulh is covered with 
a cotton wick which was be wetted with clean water before 
use, 

5.4.2 Procedure: 

The wet hulh of the psychrometer was, first, moistened 
with clean water. The instrument was then swung by the 
handle for some tine amc' the wet and dry hulh readings 
were noted. The swin_,ing and reading were continued imtil 
two wet-hulh readings agreed. The relative humidity was, 
then, calculated using a psychronetric table. 
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5.5 SAIVEPLINQ- EOR MICROORG-AUISMS IN FACTPHT ROOM AIR 

The micro organisms in the factory room air were 
trapped in a liquid hy hubhlingthe air through it. Sub- 
sequent plating of the liquid and incubation,developed 
colonies which gave a Treasure of the number of organisms 
per unit volume in the room air. 

5.5.1 I nstruT-ionts 

a) Mid/?et Impi ngar; The M.S.A. Midget Impinger (American 
Conference of Governmental Industrial Hygienists 1966) is a 
portable hand operated instrument used for dust sampling. 

This can also be used for determination of air-borne micro- 
organisms and some gaseous contaminants. It consists of 
a glass flask partially filled vj'ith a liquid. A hand— cranked , 
four cylinder pump connected to the impinger draws air through 
it at a relatively hi li speed. The air strikes at the botton 
of the flask and the high velocity action causes the dust 
and other air— borne nomcrials to be 'wetted' and retained in 
the liquid. 

5,5.2 Procedure; 

The outlet of the glass flask previously filled with 
dilution water and sterlized was connected to the hose of 
the pump with due care to avoid contimination. Air was 
drawn through the liquid for 5 min, at a vacuum of 10 in. 
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of water. (Tlie flow rate for this pressure was deternined 
using a wet neter and was found to he 3 liters/min, ) . After 
the sampling the openings were plugged with sterilized cotton 
and the sample was taken for plating. The sampling was 
carried out at other stations in the section and in all 
other sections. 

PART B LABORATORY STUDIES 

The samples coD looted from the fibre factories were 
analysed in the labori tory to determine the weight concen- 
trations and size distributions of particulates. The fixed 
and volatile fractions and the amount of free silica in 
the particulates were found out. The number of micro- 
organisms per unit volume of room air was also deternined. 

5,6 Determination of Weight Goncentrations of Particulates 

The cover with the filter paper was placed in an 
oven at 110°0 for 2 hours to evaporate off any moisture 
present, and then decicated and weighed, fha particulate 
concentration at the si'^tion was given by : 

Particulate concentration (ng/m'^) =(Pinal weight (mg) - 

Initial weight (mg) ;/Vol, of air sampled (n*^) 

The sample deposited on the filter paper was carefully 
collected for further analysis. 
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5,1 DETBRMINATIOIf OF PARTIGLB SIZE DISTRIBUTION 

The particle size distributions of the sanples were 
deternined by nicroscopic analysis (Allen 1968). 

5*7.1 Materials; 

O') Microscope ; A light microscope with a naximn magnifying 
power of 2000 was used to neasui'e the sizes of particulates. 
The resolving power was 0.2 micron* The microscope haS an 
occular scale on which the sizes of particulates could be 
directly measured. The occular scale was calibrated using a 
stage micrometer. 

b) Preparation of slides; This is the most important part in 
the microscopic analysis as it decides the accuracy of the 
analysis. The materials required are : 

i) glass slides, cleaned, first, with detergent and clean 
water, then washed with distilled water and finally 
with absolute alcohol,, 

ii) cover slips similarly treated. , 

iii) camel-hair brush, and 

iv) glycerol - dispersing medium. 

Procedure; Few drops of glycerol were placed on a clean 
slide. A small quantity of the particulates from a represen- 
tative sample was put in the glycerol and mixed well with a 
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canel-hair bmish., Moro glycerol was added to get the required 
dilution, A drop of the nix was taken on the brush and put 
on another clean slide, A cover slip was carefully placed 
over the drop. The slide was then ready for examination 
under the nicroscope, 

5 . 7.2 Micro scopic exanination 

The prepared slide was placed on the specinen-stage 
of the nicroscope. The sizes of the particulates were measured 
using the occular scale at 5.5 x magnification, Frequency of 
particulates of sane '~ize was deternined by scanning the 
entire length of the slilo. The process was repeated with 
other magnifications r :I frequencies of particulates of sma- 
ller and smaller sizes wore deternined. Caro was taken to 
observe the sane area of the slide while using all the magni- 
fications, 

5.7.3 Mean sizes and Standard Deviation; 

The cumulative percent of the nximber of size fractions 
starting from the smallest were plotted against log sizes 
on a log-probability paper, A straight line was fitted 
through the points, giving more importance to the points 
near the 50 percent region. The particle size corresponding 
to 50 percent cumulative gives the geometric mean size by 
number. The standard deviation is given by the ratio of the 
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si^e corresponding to 84.13 percent and the mean size. The 
georaetric nean size by weight was detemined using the 
fornula (Hatch, Ghoato 1929), 

log d~ = log ^ + 6.908 log^ Sg. 
where , 

d = the goonetric noan size by weight (p) 

Wg 

<ip. = geometric mean size by number (p), and 

O 

s_ = standard deviation, which will be the same for both 
distributions . 

5.7.4 Percent Fractions by Weight; 

The percent fractions by weight could be found out 
directly by separating the fractions from the sample by sie- 
ving, elutriation, hydromotric analysis or by use of instru- 
ments like cascade inpactor. These operations require 
large sample. Also methods liko elutriation allows floccu- 
lation of particulates and the fractions separated may not be 
true fractions of actual sample. It could also be deter- 
mined indirectly by using plots of cximulative percent by 
number vs particle size, 

late 

In the case of settled par’cicu/large quantities wore 
available and sieving was the method followed for analysis. 
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U,S, standard sieves wore used for this purpose. The rela- 
tion between the screen nesh and particle size is given in 
Table 5.2. 

Table 5.2 Relation of Screen Mesh to Particle Size 


E.S. Standard 
Sieve Mesh 

400 

325 

275 

200 

140 

100 

75 

60 

55 

18 

Rominal Sieve 
Opening in 
Microns 

57 

44 

53 

74 

105 

149 

208 

250 

500 

1000 

For samples 

collected 

from 

room 

air 

the 

quantities 

were 


too little to go for any method other than an indirect micro- 
scopic method. In the plot of cumulative percent fractions 
by number vs particle size, the computed value of geometric 
mean size by weight was xiarked on the 50 percent lino. A line 
parallel to number size distribution line was drawn through 
this point. This line can be taken to represent the size 
distribution of partic ilates by weight. The percentages of 
different size fractions were directly read from the plot. 

5.8 GHA.RAGTERIZATIOF OF PARTIGUMTES 

5.8,1 Fixed and Yolatile Fractions in the Particulates; 

Enown quantities of samples were kept in weighed ni- 
ckel cmicibles. The crucibles with samples were kept in a 
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nnffle furnace at 600°0 for 2 hrs# They were, then, renoTed 
from the furnace, decicated and weighed. The loss in weight 
is due to the burning of volatile fractions. The percentages 
of fixed and volatile fractions could then be calculated, 

j,8,2 Deternination of Free Silica; 

The method described by Durkan (1946) waS used for the 
determination of free silica in the particulates of the factory 
room air. The method includes HCl digestion, digestion 

and dilute HP treatment, 

5*3,3 Microorganisms the Particulates: 

a) Modium for Samplin i The medium for sampling was prepared 

as per specifications gii en in Standard Methods (American 
Public Health Association 1971). 1.25 dl of stock phosphate 

buffer solution was added to 1 liter of distilled water to make 
the dilution water. Tho stock phosphate buffer solution waS 
made by dissolving 34,0 g of potassium dihydrogen phosphate 
(KH2P0^) in 500 ml distilled water. The pH was adjusted to 
7.2 with IH, NaOH and the solution was diluted to 1 liter 
with distilled water, 

b) Procedure; The samples collected from various sections of 
of the factory were plated and incubated and total plate 
count made as per specifications given in Standard Methods 
(American Public Health Association 1971). 
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Dilutions of samples were made ly transferring 1 ml 
of the original sanplo to 99 ml of dilution water and then 
1 ml of this diluted sample to 99 ml of dilution water, 1 ml 
of sample from the speoimen and two dilutions were transfe- 
rred to petri dishes. Three plates were made for each sample 
and for each dilution. They were then incubated at 35 ± 2°C 
for 24+2 hrs. The counts were made using a bacterial 
colony counter. 

PAET C THBOHITICAl STUDY 

The experimental studies alone may not give a com- 
plete picture of the phonomana of particulate transport and 
room air movement. So a theoritical approach also was 
attempted. 

5. 9 PAETIGULATE TEMSPORT 

5. 9.1 Settlin^j; Property of Particles; 

When a discrete particle falls through a medium 
(air» in this case) under the influence of g*ravity it will 
be acted upon by two forces viz, the gravitational force 
and the resistance of "^ho medium. Under the influence of 
these forces the particle accelerates for a short distance 
and then settles at a tmiform terminal velocity when the 
resisting force equals the gravitational force. The gravi- 
tational force IS a constant for a particular particle and 
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is given by 


Pg = (fp - 4)sv. 

where, 

= gravitational force, 

a 

p = nass density of the particle, 

P 

'^a ~ ^SLSS density of the air nedinm, 
g = gravity constant , and 
V = volune of the particle . 

The resistance of the nediun is a function of the dynamic 
viscosity, p, and mass density of the air and the velocity 
Vg and characteristic diameter d^of the particle. Dimensio- 
nally, the resisting force may be expressed as ; 

*'r “ 

Introducing fundamental units and solving, we got 

where h is tho Reynolds number. 

Substituting A, the cross sectional or projected area for d 
2 

■^a^s /2, the djmamic pressure for Av , 
drag coefficient for (p(R„) 

pO 

„ vys 


and Cjj, Newton's 
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The nagnitude of varies with and for spherical parti- 
cles may he approximated as (Camp 1946) 


■'D 


24 

R. 


+ -V + 0.34 


Equating the gravitational force and resisting force, the 
terminal velocity is givon by 


= {(2g/Cj,)[(Pj, - 4)/4](7/A)] * 
For spherical particles. 



For high Reynolds number (R^ = 10^ to 10^ and Cj^ = 0.4) the 
flow is turbulent and 

P ~P 4 

= [3.3 g dA (Pair et al 1968) 

® '''a 

For laminar flow conditions at low Reynolds numbers 
(u <0,5, and C^, = 24/?^), tho terminal velocity is given 

O JJ 0 

Ck/S 


T 


S 


^ 

18 \x 



2 


The terminal velocities of particulates under the laminar 
and turbulant flow conditions are given in Fig. 5.3. 
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According to Ingcrsoll et al, (1956) the settled 

particles -will he removed when the velocity of flow exceeds 

certain limits. The displacement velocity is given hy; 

1 

= (8/f)\ 

where, 

V IS the settling velocity and f is the Weisbach- 
s 

Darcy friction factor. For f = 2,5 x 10 » "^( 3 ^ should be 

below 10 v_ (Fair et al. 1968), ,if the particles have not 
to be moved, ® 

5. 5 .2 Inertial Property of Particulates; 

A particle pro 3 ected with a certain initial velocity 
will be acted upon by the frictional resistance of air and 
its speed will be reduced in accordince with the distance- 
velocity relationship (Heneon 1963)» 


6s 



8 


u du 


“ 2 ¥ 


where , 

6s IS the distance travelled by the particle when the 
initial velocity u^ is reduced to u, and W is the weight of "the 
' particle. 


For turbulent flow where 0^ is 0.44, the integra- 
tion of the equation will give. 




u 




d 


a 


■p 


lore 


^10 u 


6s 
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Substituting for anri expressing in microns 

6s = 93 X dp log^^o 

The distance travelled by particles of 20 and 100 \i dia, with 
density 2,5 g/c.c. and that of 100 p dia, with density 1,47 
g/c,c. (Mantell 1958) are shown in Pig, 5.4, 

5.10 VEIOGITY DISTRZ^UTIOMS AT ICTLBTS MB OUTLETS 

In a mechanical ventilation system air is extracted 
from space through exhausts and compensating air is supplied 
through supply inlets. The pattern of air flow depends upon 
inlet and outlet positions, the rate of flow and the in- 
terior conditions. As far as the factory room being studied 
was concerned, the inicrior conditions are so complex that 
it is almost impossible to use a theoritical approach to 
determine accurately the complete flow pattern. Still, 
making the assumptions that the inlets and outlets function 
independently (which, never, is the case), the flow pattern 
for these may be combined to get an overall picture. 

5.10,1 Velocity Distribution at Inlets s 

Air into occupied spaces is usually supplied in the 
form of jets. To predict the velocity distribution in the 
jot-stream, the basic relations of the continuity equation, 
the equation of motion, and the conservation of total 
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nonent'un in the direction of flow are nade use of. 
Schlicliting (1958) found a relation for the velocity at a 
radius r from the centre line of the jet at a distance of 
1 . from tho face as 


n _ 7.41 mr 

2 2 

x[ 1+57. 5 (—^ 2 )] 

yi~ 


where , 

J = total noaontun, and 
P - density of oir 

Along the centreline the value of r is zero and u 
hecone the centreline velocity at x . 

lAlfjW 

u .. = i 

2 

Substituting for J = u^ A^, where A^ is the face area and 
Uq is the face velocity of the jot, 


"ol = 


7.41 


or, in general. 


^cl = 


K ITA u 
' o 0 


where E is a constant whose value varies from 5 to 7 
(Tuve 1955). 
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The air entrainnent rabio at any distance x is given hy 


^0 

Applying these equation, the flow pattern in the jet stream 
was found out, 

5 . 10. 2 Velocity Distribution at Outlets; 

The discharge through an outlet opening is given hy 
the product of its area and the velocity of flow. 


Q = A V 
^0 o o 


where is the rate of flow, A is the free area of outlet 
and V^ IS the face velocity. 

Assuming that air enters through aniimaginaiy sphe- 
rical surface, the velocity at any distance can he obtained 
by equating the flow through the outlet and that through the 
imaginary spherical surfa.ce, at that distance, 

A^V^ = 

0 O XX 


The imaginary spherical surface may be a whole sphere, 
hemisphere, quarter sphere, or any other fraction of a sphere 
depending on the number and position of flanking planes. An 

f 

emperical relation for the discharge at a distance x 
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is given by Dalla Valle (1946) as 

2 

Q = V (lOZ + A ) for plain outlets. Vor flanged 

XX 0 

outlets, 

= 0.75 V^dOX^ + A^) 

where A^ is the face area of the outlet. 

Silverman and Leslie (1942) give the exhaust air volume 
for plain slots with aspect ratio ( j )» 0.2 or less as 

Q = 3.7 LVX 

and for flanged slot of sane aspect ratio as 
Q = 2.8 LVX 

where 1 is the length of the slot V is the velocity at a dis- 
tance X, 

Applying those eq.uations the velocity distributions in 
areas of interest were determined. The transport of parti- 
culate for the flow patterns developed and hence, the effici- 
ency of a ventilation system in controlling particulate pollu- 
tion were found out, 

A more rigorous method would be the application of 
Laplace’s eq.uation (Robertson 1965) to determine the velocity 
distribution in the whole room for assumed inlet and outlet 
conditions and to choose the ideal one from considerations of 
economy and efficiency. 
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5.11 AIR FI0V7 IMDBR MTURAL VBITTIMTIOH GONDITION 

Under natixral Tsj^tilation condition, air flows into 
and out of a room by the action of either wind or tenperaturo 
difference between the inside and outside of the roon or by a 
Gonbined action of the two . 

5.11.1 Air flow due to -^rind ; 

The quantity of air forced through a ventilation 
opening by the action of wind, is given by the equation 
(Randall and Conover 1951), 

Q = EAY 

where , 

Q = air flovj, cfn 

A = free area of inlet opening, sq.ft, 

V = wind velocity, fpn/ and 

E = effectiveness factor (0,5 to 0,6 for perpendi- 
cular wind and 0,25 to 0.55 
for diagonal wind) 

5 . 11. 2 Air flow due to tennerature difference i 

When tenperature in a building is different from out- 
side tenperature pressure difference between inside and out- 
side occurs as a result of difference in air density. This 
is called chinney effect and it causes inward or outward 
flow given by the equation. 
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5.12 GOMCEITMTIOI TB/iK SPORT 

Concentration, as temperature, moves from a liigher 
state to lower state, 

5.12.1 Horizontal transport ; 

The percent decrease of concentration in the horizontal 
direction is given hy the eq_uation 



where 0 concentration ot distance L, 


1 = Distance from source and 
7 \ = transport coefficient. 

Integration of the equotion givos the result, 

C . 

log — 1. 

C 

A plot of log — 7 1 gives a straight line and the value 

L/ S 

of /I can he found out. 

The sano equation nay applied for vertical transport with 
L changed to Z, where Z is the height. 

5.12,2 Transport due to oddy Diffusion.!. 


If a turbulent flow raises particles deposited in a 
duct a distribution of then becomes established along the 
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height. The upward noveiient of particles hy eddy diffusion 

^ d 

<L. 11 

through a,n area of 1 cn in 1 sec is given hy -D. ■ where 

IS the eddy diffusion. The downward movemont of particles 
b;' gravity through the s .no area, for 1 sec is given by 


Whence 


V n, xhiere is the settling velocity and n 

o 

IS the concentration. 


Equating the oipressions (Euchs 1964) 


dn 

n 


Y 


s 


D. 




In 


n 

n' 


- V r dz 

^ J 

O 


For the central region xfuore is almost constant, the 
oq^uation tcokes the form 


In 


n 


n 




Where n is the concentration at the bottom and n, the 
o 

concentration at height z. 

Eor a particular sample taking as tho settling 
velocity of mean size particles and substituting ifi the 
equ ition, it takes the fora of equation given in 5.12.1. The 
value D, , tho eddy diffusion coefficient can thus be determi- 


nod 



CHAPTER VI 


RESULTS MU DISCUSSIONS 

PART A PARTICULATE POLLUTION AND HAZARDS 

6.1 POLLUTION HAZARDS IN THE JUTE MILLS 

6.1.1 Particulate Concentrations in various sections of 
a nute mill and seasonal variations therein 

Pig. 6,1 shows the seasonal variations of particulate 

concentrations in the various sections of the jute mill. The 

following points can be noted from the graph, 

a) The particulate concentrations in the softener and carding 
sections are high compared to the drawing, spinning and 
weaving sections. As exhausts are also provided in sof- 
tener and carding sections, the higher concentrations are 
obviously due to the major sources of pollution being lo- 
cated in these sections, 

b) Considering the variation in the particulate concentra- 
tions from the softener section end (starting end) of the 
factory and moving towards the weaving end (other end), 
one can find that, in general, there is a trend of de- 
crease in concentrations. This is especially true for 
the case of summers as indicated by the curve for April. 
During this month, cool and humidified air is admitted 
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into the room which leads to lesser production of 
particulates and also their rather q.uick removal by 
increased ventilation. 

c) In seasons other than summer, when cold humid air is 
not admitted, the maximum particulate concentration 
seems to be reacned between the carding machines situ- 
ated a short distance downstream of the softener end. 

This, obviously, would be due to the large amount of 
particulate production dtiring carding. It should be 
noted that this condition does not apply to the curve 
for April when only very little dust seems to be produ- 
ced during carding. The particulate concentration du- 
ring April was recorded to be 4.0 mg/m"^ as against 

50 - 59 mg/m^ for the other three months. Due to limi- 
tation of time no observations could be taken during 
the rainy reason. However, it is expected that due to 
higher humidity the particulate concentrations during 
the months from pril to September will follow, generally, 
the pattern of txie curve for April. 

d) In the short distance from the starting end up to sta- 
tion 2 the particulate concentration variations seem 

to be slightly erratic. This may be due to the different 
relative qualities of particulates produced between the 
softener and carding sections and due to different 



62 


amounts of humidity and ventilation present in these se- 
ctions. Whereas for the curve of April, there is a 
steep and almost straight-linc decrease in particulate 
concentration from 35 mg/m^ at station 1 to 4 mg/m^ at 
at station 3j for the curve for Hovemher one finds a 
decrease from station 1 to station 2 and then an increase 
from station 2 to station 3« For the curves for January 
and -February, even between stations 1 and 2, there is 
a slight increase. This may be due to a relatively high- 
er production of dust in the carding section as compared 
to the softener section, 

e) As one moves from station 3 to station 4 there is a rather 
sharp decrease in concentration during February compared 
to other seasons. This is due to the opening of windows 
at the beginning of the drawing section during this 
season. The outside air, then »f lows across the length 

of the room reducing the transport of particulates into 
the finishing sections, 

f ) Considering the overall variations and knowing the humi- 
dity ventilation patterns, it is felt that concentration 
variations can be devided into two seasonal catagories. 
This inference is made from the point that the curves for 
November, January and February are not only similar in 
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terns of general trends but also the values at any par- 
ticular station for these three curves are rather close. 

The ranges of particulate concentrations at different 
sections can thus bo predicted to be of the order given in 
Table 6,1, If one •were to assume the expected ranges as 
given, it would seen that, the particulate concentrations 
during October to March will be much higher and the dust 
problems in iunmer would be less because of cold air inlet 
and also during rai ly season because of natural humidity, 

6,1,2 Variations of Particulate Concentrations with Height 

Figs, 6,2 and 6,3 show variations in particulate con- 
centrations with height in the different sections of the jute 
mill during the month of Jan-uary 1975, The following points 
are observed from Fig, 6,2, 

a) The concentrations, in general, at any station decrease 
with height, the gradients depending on the height of 
source, presence of exhaust and other openings, and the 
nature of pollutant, 

b) At heights of 50 cm and 300 cn above floor level, the par- 
tic'ulate concentrations were found to be decreasing as 

one moves from station 1 to station 2, But at 150 cm height, 
the concentration increased as one proceeds from station 1 
to station 2, The explanation for this is the fact 
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Table 6.1 Expected particulate concentrations at breathing 
height (150 cn above flow) at worker positions in 
various sections of a jute mill 


Station Section 


Distance 
from be- 
ginning 
end (m) 


Expected concentrations (in,e 


October to April to Eatio 
March Septem- 

ber 


1. 

Softener 

4.0 

20 - 70 

About 35 

0. 6-2,0 

2. 

Carding 

14.5 

20 - 30 

' 20 

1.0-1. 5 


(beginning) 





3. 

Between 

21.5 

50 - 60 

• 4 

12-15 


Carding 

machines 


4. 

Drawing 

(beginning) 

28.5 

5 - 

30 

' 1.5 

3-20 

5. 

Drawing 

(middle) 

41.0 

4 - 

23 

’ 1.0 

4-23 

6. 

Spinning 

80.0 

2 - 

5 

’ 0.8 

2.5-6 

7. 

Weaving 

131.0 

1 - 

1.5 

’ 0.5 

2-3 


that the concentration at station 2 at a hight of 150 cm 
is contributed by the carding machines with source at a 
height around 1.5 m above flour level, rather than being 
transported from the softening section. 
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c) Th.e higher concentrations "between the carding machines 
IS as expected. The relatively higher concentration at 
50 cm level is due to the settling of bigger and heavier 
particulates produced in this section. The concentration 
at 150 cn is high because of the higher elevation of the 
sources. Presence of exhausts on the roof explains the 
lower concentration at 500 cn height. 

d) For all heights observed the concentrations in the spinning 
section are low and imiforn because of the lower production 
and good mixing by the turbulance in air produced by 
spinning machines. In weaving section also the concen- 
trationsare low and uniform due to the sane reasons. 

Fig, 6.5 shows the concentration gradients along the 
height of the room in various sections during January, The 
following inferences could be made from the graph. 

a) In the softener area steeper gradients are seen in the 
first 150 cn height compared to the next 150 cm height. 

This may be due to the settling of heavier particulates to 
the bottom, the lower height of source, the cross draught 
produced by tho low wind blowing in through the door and 
the local exhaust provided over the softener. 

b) Curves 4, 5 and 7 show the variations in concentra,tions 

in the carding section. The influence of the exhaust fans 
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on roof IS given "by tlie shapes of curves 4 and 5. The 
concentrations at higher elevations are considerably re- 
duced by the constant ronoval of pollutants. The lower 
points are comparatively leSs influencedby exhaust fans 
indicated by/nelativoly flatter gradients similar to those 
in other area,s, 

c) Curves 10, 19 and 51 show the variations in sections where 
no exhaust arrangements are provided. The variation was 
found to be uniform and almost of sane nature in all the 
three sections, 

6.1.3 Rv/5:ienlc significance of particulate si^e distribution 

figs, 6,4 and 6.5 show the size distributions of dust and 
fibres respectively in the room air in various sections of the 
juto mil. The mean sizes and percentages of dust and fibre 
of hygienic importance are shown in Table 6,2, 

The following points could be noted in the results i 

a) The mean sizes of dust are maximum in the softener and car- 
ding sections of the mill. This could be expected because 
the bigger particles are easily removed from the jute 
and hence their percentage will be more in the initial 
stages of processing. 













Table 6,2 Hygienic significance of particulates in 
Qute nill room air 
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a naxinun concentration of 135.0 ng/n^ was observed in the softener section of 
the old nill of this factory. 
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To) Th .0 nean sizes of dust were found to be reducing fron 
one station to another as one noved fron the softener 
section to the weaving section. The reduction was nore 
in the initial stages conpared to later stages. This is 
because of the renoval of heavier particles in the ini- 
tial stages, nainly by settling. The renoval of snaller 
particles by settling is not easy. Also they nove with 
the air nediun and hence the lower variation in nean sizes 
in the latter sections. 

c) In the case of fibre fractions the nean sizes were found 

to be increasing as one noved fron softener to weaving sections. 
This is because bigger and bigger fibres esco,pe fron the 
jute processing in the latter sections. 

d) The percent-fractions of dust of hygienic inportance 
(below 10 nicron size) in the total dust content was 
found to be increasing fron softener to other sections. 

This should be the case because finer particles predoni- 
nates in the roon air of the latter sections. The quantity 
of dust retained in the lungs of workers (Brown et al 
I960) is nore in the initial stages because of the higher 
overall c jncentrations and higher percentage of dust 


fractions there 



73 


6,1.4 Presence of free Silica ; 

Tests carried out to detornine the presence of 
free silica in the particulates of roon air gave results 
shown in Table 6.3, 


Table 6,3 

free Silica content of 
factory room air 

the total 

particulates in 

6eobior 

Particulate 

concc'itrat- 

^Vn^) 

Silica 

(percent) 

content 


mg/m 

Softener 

21.0-66.0 

8.31 

1.74-5.47 

Carding 

4.5-78.0 

4.23 

0.19-3.30 

Drawing 

2.1-30.6 

0.65 

0,01-0.20 

Spinning 

1.5- 5.8 

negli . 

negligible 

Weaving 

0.5- 1.6 

1 

1 


The silica content was observed to be naxinun in the 
softener region, which '"educed to alnost half in carding 
section and to negligible amounts in other sections. The 
results indicate that the silica might have been present only 
as larger particulates and henco night have been removed 
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by settling in the initial stages. It is also indicative 
of the property of siliceous natter to fora larger particles 
by flocculation. In tlip.t case the silica night have been 
initially present in si idler particle sizes and later floccu- 
lated and quickly renoved, 

^•4*5 Viable nicroormnisns in factory roon air ; 

Table 6.4 gives total pla.te count of micro organisns 
present in factory roon air deternined by using nutrient agar 
and incubated at 35 + 2°C. 

The results are self explanatoiy. In the sofoner and 
carding sections where the particulate concentrations are 
nazinun, the number of irganisns are also very high. However, 
no linear relation was scemd to exist between the number of 
microorganisms and particulate concentrations. The micro- 
organisms present wero dso not related to the number jf lor- 
sons occupying the di'^ieront sections. The implicat .o i ir 
that workers are not tie source of such nicroorganiS’'is a.n tu'. 
roon air. The lower counts in the latter sections indicauo 
that organisms may be attached mainly to bigger particulates 
which are easily remo"’’cd, 

6*1.6 Pollution hazards in .jute mills ; 

Prom the results of the studies made, the pollution 
hazards in jute mills may bo summarisred as follows ; 



75 


o 


o 


«XICH 

a o 

03 

B ® 

Co 

ttO u 

u o ^ 
o tkci 


u 

•H 


VC 

:> 

VO 

0 


VO 

f 3 

VD 

0 

^C^ 

VO 

0 

VO 

0 

tn 

H 

00 

cn 

in 

K 3 

VO 






u 

H 

C 

a 

o 

o 

rH 


o 

43 

o 

Ci4 


o 

o 

H 

cd 

■p 

O; 

EH, 


O 

l-P H 

Gj H 

H M 

P^ 


VO 

0 

VO 

0 

K 3 

* 

« 

• 

• 

% 

H 

VO 

00 

K 3 

<y\ 

in 



0 

H 

H m 

VO 


H 


*H 


03 O 

a o 

03 tn 

H 

5=1 

I 




Cl 

U 
o 
o 

o 

H 4 ^ 

a 5 =! 

CD 
•H 
U 
-P 


0 


C 3 

H 

!> 


0 

-p 

c 3 1 — I 
rH M 
P 4 


0 

•P 


H 


O 

» 

H 

O 

!> 


P 

o 

p 

c 3 

^■' 

• . 

H 


a 


O O O ITN Kj- 

ir\ tr\ H 


ir\ tr\ CO \0 tr\ 


Ln in m m Ln 

r~! p rHI rH I — { 


# 

VO 


0 

H 

rO 

cd 


I 

p a-”-- 
o cd H 
0 '^ 


♦ 

H P 0 
O H H 
t> od Pi 


in in n n in 
H H H H H 


+ 


0 

p p 

0 0 

» p 


in 

0 

0 

0 

0 0 



CM 

Kj- 

nj 

^ 13 : 

a 

P 

0 



P 

P 

0 


P 


H 

P 

H 

0 

H 

P 

P 

•jH 

43 

P 


Is: 

P 

J> 

0 

i P 

P 

cd 

P 

cd 

0 

0 

cd 

P 

P 

0 

CD 

CD 

0 

P 

CD 



0 

‘Tid 

;::d 

H 

o 

H 

43 

o 

0 

p 

cd 

P 

o 

H 

43 

O 

0 

0 

o 

p 

p 

o 

H 

P 

O 

0 

CD 

a 

o 

p 


0 

p 

o 

ri:S 

o 

P 

Pi 

'qD 

P 

P 

!> 

o 

a 

0 

p 

o 

03 

P 

0 

(P 



76 


1) The particulate concentration in the working environinent 

_ r-7 

of the jute mil stLidied ranged fron 0,5 ng/n'^ to 135 ng/m 
conpared to the poraissihle linit of 1 ng/n'^ fixed by 
the American Con erence of Governnental Industrial 
Hygienists (Schilling 1971). 

2) The amount of pevi^ticulates of hygienic importance as 
percent by weight of total particulates ranged from 

0,5 to 4,6, the least value being in softener section and 
nazinun in weaving section. The weight of particulates 
retained in the lungs of workers was found to be naxinun 
in the carding section followed by softener, drawing, 
spinning and woova ig sections. The nazinun value for 
carding sections was calculated as 1265 pg/8-hr day. The 
nininun value of . ^ lJ,g/8-hr day was foimd in tho weaving 
SGction. The of ' c . of this nay be detrinental to tho 
health of worker.^ . 

3) The silica conton-t; o- particulate concentrations in 
factory room air iVis found to be high conpared lo tho 
threshold limits fixed by American Conference of Indus- 
trial Hygienists (1963). 

4) The number of micro organisms present in the occupied 
space, especially the softener and carding sections, were 
observed to be quite high conpared to the value of 
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3 

1500/n in normal occupied rooms as reported ly 
Wright et al (1969). In this connection no section was 
found to have a value less than the normal value repor- 
ted. 

*6.1.7 Effect of pollution on workers — Results of Health 
Survey I 

Interview of workers from various department® of the 
jute mill to ascertain the effect of particulate pollution 
gavo the following results, fable 6,5 gives the percentages 
of workers in different sections who have some complaint likely 
to he connected with particulate pollution. As expected 
the maximum number of persons were found to be affected in the 
highly polluted softener and carding sections. Columns 4 and 
6 give number of persons with symptoms of Byssinosis (Schilling 
1971 ). Only persons from softener and carding sections have 
this complaint. Considering the higher concentrations of 
particulates, the percentages of affected cases are low com- 
pared to reported values for cotton mills (Schilling 1971). 

Tables 6.6 and 6,7 show relations of age and years of serT^ice 
of workers to effect of pollution. The tables are prepared 
from data for softener and carding sections only. All age 
groups were foimd to bo affected by pollution. But percentages 
of affected cases were more in the upper age levels. Also, 



Table 6,5 Bffoct of particulete pollution on workers in the jute mils 
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Table 6.6 Relation of a^e of workers to effect of pollution 


Age Group 

Total Fo . of 
workers 

Nunber of 

affected 

cases 

Percent 

affected 

Below 20 

3 

2 

66,6 

21 - 30 

19 

17 

89.^' 

H 

! 

O 

9 

8 

CO 

CO 

CD 

41 - 50 

7 

6 

85.7 

Above 50 

2 

2 

100.0 

Table 6,7 

Relation of years 

of service to 

effect of pollutioi 

Years of 

Total No, of 

Nunber of 

Percent 

SorvicG 

workers 

affected 

cases 

affected 

Less than 

5 8 

6 

75.0 

5-10 

17 

15 

88.2 

11 - 15 

6 

5 

84.2 

16 - 20 

4 

4 

100.0 

21 - 25 

2 

2 

100.0 

Above 25 

3 

3 

130.0 
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6.2 POLLUTIOI-T CDIDITIOITS IN A GOTTOF MILL 

Table 6,8 shows the concentrations of particulate pollu- 
tants in different sections of a cotton nill. It also gives 
the nean sizes, percent-fraction of dust of hygienic signi- 
ficance and the probable anount of dust that nay bo deposited 
in the lungs of workers. Figs, 6.6 and 6.7 give the size dis- 
tributions of dust and fibre fractions respectively. 

Maxinun particula.te concentration was observed in the 
bale breaking section followed by old typo carding section. 

Ihe section of new carding machines with local exhaust system 
showed least particulate iJollution, Except this, in all other 
sections particulate concentrations wore observed to be 
higher than the recommended value (Schi2J.ing 1971). Ihe ob- 
servations showed that only dust poses a health hazard in 
cotton mills. Fibre, oventhough present, was not found to bo 
hygienically dangerous, being of size much larger than 10 p. 

S.3 POllUIION GOIIDITIONS IE A ¥00L1BE MILL 

The particulate concentrations in a few polluteci sections 
of a woollen mill are m Table 6.9. It also gives 

the mean sizes, and percentages of dust and fibre of hygi- 
onically important sizes. Figs, 6,8 and 6,9 give the size 
distribution of dust and fibre fractions of particulate in 
three sections of the woollen mill. 
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Table 6.8 Gone entrat ion.? particle size distributions and 

liygienic si iiifieonce of particulates in a cotton 
nill+ 


Sections 


DUST FRA.CTI0U 


Cone on brat ion 
(ng/n-^) 

Geonetric 
Pnean si- 
ze (p) 

standard 

deviat- 

ion 

'■’'(by wt.of 
size 
^ 10 

Bale Breaking 

11.4 

4.1 

2.6 

2*6 

Opener 

6.5 

2.5 

2.1 

11.5 

Garding (old type) 

8.3 

2.4 

2.2 

35.0 

Carding (now type) 

0.5 

negl. 

negl. 

negl. 

Spinning 

5.4 

2.2 

2.1 

41.0 

¥eav3 ng 

3.6 

1 — 1 

• 

CM 

2.0 

57.0 


continued 


DUST FlblGTIOK 
;;by wt. of wt ^retainc." 
size -• 6 p in lungs ci 
workers 
(pg/day^ 


FIBRE FBAGTIGU 

Geonetric Standard %by wt, of 

noan size deviation size k 10 p 
(p) 


0.65 

3.0J 

14.00 

negl. 

17.00 

28.00 


266.5 

198.0 

782.0 

negl. 

121.0 

116.3 


16.2 

25.5 

12.3 

negl. 

45.0 

47.0 


3.8 

5.4 

4.1 
negl. 

4.2 
4.0 


negl. 

1 

I 

t 

! 

f 


+ 


KoosuronGnts arc rnaclc '’.t 'breathing levol at worker positions 








•» i-l ti * - ' ' ' 

^:S'r-’’tor' ■<-> 


:-f« 

pH 
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Table 6,9 Details oi particulates in various sections of 
of a 'woollen nill’^ 


Sections 

Concentra- 

DUST FEiiCTIOTT 



tions ^ Gronetr3.c 

(ng/n^) ncan size 

(u) 

Standard 

deviati- 

on 

ypj wt 
size 
^10 u 

. of 7by wt.''£ 
size 
<6 u 

Scouring 

64.00 4.2 

2.8 

1.1 

0.3 

Carding 

(old type) 

5.13 2.4 

2.2 

10.1 

2.6 

Carding 

(new type) 

0.22 negl. 

negl. 

negl 

. negl . 

Spinning 

0.42 2.2 

2.0 

55.0 

26.0 



. continued 

• » O • >1 • • 

• • o o • 

DUST FMCTIJN 

FIBRE FRACTION 


wt, retained Geonot-ic moan 

in lungs of size (f^; 

workers ( p-g/day ) 

Standard 

deviation 

Percent by 
wt. of size 
<10 u 

'753 

31. - 

4.0- 


negligible 

55 

2 0 * J 

4.2 


1 

nogl. 

nogl. 

negl. 


J 

21 

45.0 

4.6 


I 


Measurenents are nade at breathing at worker positions. 
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It has been observed that particulate pollution was 
serious only in the feeding end of the scouring section of 
the nill where a conccntx’ation of 64 ng/n'^ was recorded. In 
all other sections except the old type cerding section (where 
a concentration of 5*13 ng/n"^ was obseanred), the concentrations 
were below the recomended level (Schilling 1971). Ihe reason 
for the low level concentrations in different sections of woo- 
llen nills except the scouring section nay be attributed to 
the efficient ronoval of dirt and grease by the scouring action. 

Health hazard duo to the dust pollution was found to bo 
naxinun in the scouring OL^ction, Hazard due to fibre pollu- 
tion was found to be negligible in all sections of the uill. 

6.4 OOMPARISON OH POLLUTIJML HilgARIS IN THE THREE FIBEE 

FACTORIES 

Pig. 6,10 shows a comparative picture of the pollution 
conditions in the three types of fibre factories where studios 
were carried out. The neasuronents were taken during the 
nonth of April, 1975. 

The hazards of dust pollution were found to be naxinun 
in the preparing stages in all the three nills. The weight 
concentration was found to be high in the scouring section 
of the woollen mil and the sane was due to the high 
percentage of fixed solids in the particulates. The fixed 
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solids are also high in the balo breaking section of the 
cotton nill. But they aro ronovod to a large extent in the 
first process itself. The cotton mil has some pollution 
hazard in alnost all sections. This nay be due to the special 
nature of cotton fron which renoval of foreign natter is 
difficult. Also the fibres are shorter and thinner and have 
less strength compared to other fibres. The weight of parti- 
culates that nay, probably, be retained in the Ixmgs of workers 
are also shown in Pig, 6,10, The jute nills has the least 
values in this respect. This is nainly due to the cold air 
supply which has been provided, at the tine of study. The 
uaxinun values observed during other seasons are shown by dotted 
lines. In the cotton mil also cold air is supplied. But 
its effectiveness in reducing particulate pollution in the 
carding section was foimd to be lower compared to that in the 

Oute nills. In the woollen nill no cool air supply is provi- 

additionally 

ded. The workers are, therefore, /subjected to high tempera- 
ture stresses during the simner months, 

/ 

Thus the highest health hazard due to particiilate 
pollution will bo in the (i) Scouring section of the woollen 
nills (all the year roxmd)/ii) Bale breaking section and to 
a lesser extent the carding section in a cotton nills 
(nore hazard during winters due to poorer ventilation) and 
(iii) a jute mil (once again nore hazard during winters). 
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In all cases improved ventilation whether on a local basis 
(e.g. a small exhaust fan or a window) or complete air 
changing will, very s ignif leant lly, reduce the particulate 
concentrations and hence the resulting hazard, 

PAST B VEUTILATIOB ATO POLLUTANT TSANSPOST 

6.5 EXISTING VBNTII.xTIOI CONDITIONS IN THE JUTE MILL 

6.5.1 Natural Yentilgition 

The flow caused by loerflation (inflow due to wind 
action) was found to ''o 90,000 m^/hr in Januairy and 

rz 

150,000 n'^/hr in Fehruory. These flows are capable of 
giving 4.15 and 6.92 air changes per hour. The structural 
conditions on the western side do not permit flow due to 
aspiration (outflow due to wind action) . The maximum 
difference in temperature between inside and outside was 
found to be 30*^P during summer as well as winter seasons. 

The flow caused by this temperature difference was found to 
be 20,500 m^/hr in January and 26,500 n^/hr in February, The 
total air changes due to the combined effect were calculated 
to be 4.87 m January or.d 8,12 in February, These air chan- 
ges were found to be incapable of reducing particulate 
pollution to the permissible levels. 
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6*5fc2 Seasonal vairaation in lo'tal s.Air flow rates ; 

Based on neasured values of velocities and areas of 
openin^^s, the total (including both natural and forced ven- 
tilation) air flow rates into and out of the factory room 
during throe periods wore calculated. In January, the flow 
was Sufficient to give a total of 7.01 ^air changes per hour. 

In February, sinilar calculations yield 10.1 air changes per 
hour. The increased flow rate was found to bo due to increased 
prevailing winds duriin^ this season. (The meteorological data 
presented in Fig, 6.11 snows the variations in wind speed, 
temperature, and relative humidity). In April when cool air 
was supplied into the room, the number of air changes incre- 
ased to as high as 32.0 per hoxir. 

6.5.3 Relation of particulate concentrations to ventilation t 

Fig, 6.12 shows the relation between the number of air 
changes and particulate concentrations during the periods of 
study. All curves except 1 and 2 representing the carding 
and softener sections respectively show similar trends. In 
carding section where more exhausts are provided there is 
a marked reduction in porticulato concentration with increased 
air changes indicated by the steepness of the curve through- 
out its length. In the softener section whore no air supply 
point is provided it was found that increase in tot'‘^l air 
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6.6 VELOOITY DISTRIBUTION IHSIDB MOTORY ROOM 
6.6.1 Seasonal variations in iSconeral air novenent : 

Pigs, 6,13 to 6,15 show the velocity distributions 
in the factory roon during three uonths when neasurenents 
were carried out. In January, the novenent was nore circu- 
latory in the carding, drawing and weaving sections with 
linear notion between machines. In Pebruary when windows 
were opened in the carding and drawing sections the novenent 
was nore linear fron the eastern side to western side. In the 
upper levels the flow was directed towardis the exhaust fans 
in these sections. 

During sunner months when cool air was supplied the 
velocity distribution was as shown in Pig. 6.15. Cool air 
noved frou the sides to the centre where part of it was 
lowered and part was elevated. At floor level, air moved fron 
centre towards the sides. The direction of flow was observed 
to bo outwards through all the openings due to the increased 
pressure produced by air supply. In the softener section 
where no air supply point was provided, the outward flow 
was found to cause draughts which reduced the efficiency of 
local exhaust hood over the softener. The particulate- 
concentration in this section was observed to be high due 


to this reasons 
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6.6.2 Velocity distribution around nachineiy i 

The noving parts of sone nachines induced axr velocities 
around then. This was nainly noticed in the spinning section 
of the nill. It was observed that the high speed rotation of 
the spinning rings produced a velocity of 900 fpn at 8 cn fron 
the ring on the facing side of the nachine. The velocity 
was found to be reduced to 50 fpn in a distance of 60 cns. 

On the rear side of the nachines the velocities observed were 
around 50 fpn. In no other section the novenent of nachine 
parts was found to induce velocities above 50 fpn at a dis- 
tance of 10 cn fron the nachine, where it was possible to do 
neasurenents , 

5.6.3 Velocity distribution in air strean of supply inlets s 

Measured values of the centre line velocities of air 

inlets provided on the side walls are shown in Fig, 6.16, The 

velocity distribution shows that it does not fully agree with 

U . 

the equation for free strean jet (Schlichting 1950), ■- 

where K is a constant. The reason for the sane nay be the 
obstructions caused by rachinery and the effect of floor, is. 
naking the jet not absolutely free strean, 

6.7 TEMPERATURE MD HUMIDITY CHAMgES IM THE FACTTET P.OOM 

Table 6.10 gives the tenpcrature and relative h-midity 
in the factory roon during the three periods of neasurenents. 


MIH 
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Table 6.10 Tenperaturo and relative hmidity in factory 
room and ontoide 


Section 

Temperature (op) 

Relative huuidity(%l 

Jan 

Feb 

Apr 

Jan 

Feb 

Apr 

Softener 

73.0 

75.0 

82.0 

64.5 

73.5 

65.5 

Carding 

75.0 

73.0 

79.0 

66,0 

73.5 

73.5 

Drawing 

77.5 

76.5 

80.0 

63.4 

76.2 

76.0 

Spinning 

79.5 

81.0 

02.0 

70.5 

76.3 

80.0 

■'eaving 

74.5 

77.5 

03,0 

61.5 

69.0 

69.5 

Max. 67.5 

..u.bide 

7 ’ .1 

r," 5 

111.3 

70.7 

82.5 

73.5 

49.0 


Tlie tenperaturo inside the roon showed a naxin-on rise jf 
o 

8.5 F during the period of study It was found ^incroose with 
height. The observed diiTerencre between floor level and ceiling 

tenperatures ranged from 2 to The difference in ten- 

/ between ihe o 

peratureZinsido and outside of the rood was found to be 30 F 

below tho roon tenperaturo during January and 30°F above the 

TO on tenperaturo durin^, Ujnl. Eelative humidity inside the 

roon ranged from 60 to percent whereas it ranged froa 
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82,5 to 49 porcent. outside. The narrow ranges of tenpera- 
ture and relative humidity inside the room are due to their 
artificial control. 

6,7.1 Relation of particulate concentrations to tenporature 

and relative hujiidity 

Fig. 6,17 gives a comparison between the variations in 
temperature, relative himidity and particulate concentrations 
inside the room. When the difference in temperature between 
inside and outside is naxinun, there should be more airflow 
and hence more air changes and lower concentrations. But 
the concentrations were found to be lower only in summer when 
air was admitted into the room mechanically. In winter, when 
temperature difference was of the sane order as in suuimer the 
concentrations recordo'i were high. These indicate that the 
flow caused by temperature difference is not sufficiert to 
reduce particulate pollution. 

An increase in relative humidity should decrease the 
particulate concentration because of lower production and 
higher removal. This condition was found to exist between 
January and February when relative humidity increased and 
concentrations decreased. But in April when the relative 
humidity decreased, the concentrations decreased further in 
all sections except the softener section. These findings 
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show that there rs no Iirect relation between temperature 
and relative humidity variations with change of particulate 
concentration. Other factors are influencing the particulate 
concentrations more than temperature and relative humidity, 

6.0 HiRlIGUMTB PRQDIJOTIOW 

Table 6,11 gives a complete picture of the particulate 
production and transport in the jute mill during February, 
Particulates produced by various machines were determined by 
assuming equilibrium condition when production equals trans- 
port and settling. 

The particulate production was found to be decreasing 
as we proceed from softonor to other machines. This is expc- 
. ctable because the ini /lal processes remove dust and short 
fibres to the maximum extent. In the drawing section the jute 
is combed and drawn by the machines. The particulate produ- 
ction IS less as the process is very slow. The increase in 
production in the spinning section is due to the high speed of 
revolution of the spinning rings and the resulting high 
velocities. Any foreign natter or short fibres in the thread 
will be thrown away by this speed. The production in 
the weaving section is low because very little dust and short 
fibres will be left on the jute handled in this section. 



Table 6.11 Particulate production and transport 
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6.9 PARTICULATE TMNSPORl 

6.9.1 Siz;e distribution of particulates in the roon air ; 

The size distrihution of particulates at various heights 
in the different sections are given in Pigs, 6,18 to 6.22, 

The percentages "by weights of the various fractions of the 
particulates are given in Table 6.12, The mean si^es of 
particulates by nunber dispersed into the factory roon was 
found to be ranging from 2.0 to 5.2 morons. The percentages 
of the lower size fractions were found to be nore towards the , 
latter stages of processing. The nean sizes of particulates 
are larger in the preparing sections because bigger particulates 
are renoved by the intial processes. The quick settling of 
the bigger particulates and easier transport of finer ones 
by the roon air to other sections give the reason for the 
snaller nean sizes in the finishing sections. 

6.9.2 Relation of particulate transport to size distribution s 

The sizes of particulates are so snail that a large 
portion of then will be easily transported by noving air. 
According to Heneon ( ^1963 ) particulates of sizes less than 
20 morons nay bo considered as lacking any weight or power 
of independent notion through air. The larger values of flux 
in different sections as given in Table 6.11 are indicative 
of this property. 
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^•9*5 Effect of exhausts on vertical transport of •particulates 

Oonparison of particulate concentrations at two stations 

in the carding section, one(B) with an exhaust fan on the 

roof and another (A) with no exhaust fan is given in Table 

6.13« It also gives, the sise distribution of particulates 

in air at the two stations. The values were obtained fron 

Pigs, 6,23 and 6,10, The concentrations in all levels at the 

station B were found to be nuch less (one third to one sixth) , 

than those at the station A, This is due to the continuous 

/their 

removal of particulates by the exhaust andAsettling on the 
floor. The percentages of finer fractions of sizes less 
than 20 p. were found to be more in the upper layers of the 
area were the exhaust was provided. The effect of exhaust 
was observed to be loss on particulates of size range fron 
20 — 100 p. The percent fractions above 100 p size showed 
a slight increase in this area. 

There should have been a higher percentage of all 
fractions. But for sizes between 20 and 100 p the area with- 
out exhaust showed higher values. The reasons for this :s 
not fully known. It may be due to the difference in force 
patterns acting on the particulates of the two stations, 

6,9.4 Effect of openin.es on horizontal transnort of narti cularo-" 

G 

Pig. 6.24 gives the plot of log — ^ L. It gives 

a set of straight lines indicating exponential relation. The 



Table 6,13 Conparxson of si^e distribution of particulates in areals with, and 
without oxhaus i; fans. 
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breakes > i in the graph for January are at distances 
where doors are provided on the eastern side. The wind 
blowing in through these doors seens to affect the particu~ 
late transport in the room. The doors on the western side 
were found to have little effect on the particulate transport. 

In the curve for February, instead of breaks, inclined 
lines with steeper slopes could be seen. These lines indi- 
cate the combined influence of a number of openings present 
on the eastern side. If more observations were made between 
the openings, a step— like pattern (one break for each ope- 
ning) as shown in the figure by dotted lines wouJLd have been 
resulted. 

The value of the coefficient ^ , in the equation 
log =/\I was deternined for different strotchCvS of 

the length and ranged fron 5,07 x lO”^ cn“^ to 9*3 x lO""^ cn”^, 
-or Januairy, For the lengths with windows which were kept 

closed during January and opened during February, the 

-5 —1 —3 —1 

values changed to 3 #76 x 10 cn and 5.4 x lo cn 

respectively indicating a reduction in the transport. The 
transport of particulates are, therefore, very nuch reduced 
by the cross dra-ughts produced due to inflow of air throu^ 
openings on windward side. 
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C 

A similar plot of log vs Z, the height, is 
given in Pig, 6,25, This represents the vertical transport 

of particulates in the softener sections. The value of /A 

-4 -1 

I'las found to he 1 x 10 cm , indicating lower transport, 

T coefficient of eddy diffusion (D^) in the vertical 

^ 0 Vg*Z 

direction was determined from the equation. In ^ 

2 0 t 

(Puchs 1964), The value obtained, 20,9 cm /sec, was very 
high compared to 0,01 to 0,02 cm^/sec for gases (Poust 1964) 
This indicates that the transport is due to elution rather 
than due to diffusion, 

6,10 lEPBRBNOES PhOM AEfALYSIS OF SETTLED PARTIGULATES 

The plot of cumulative percent by weight of size fra- 
ctions against sieve openings on a log— probability paper 
gave special shaped curves as shown in Pigs, 6,26 and 6,28, 

It is obvious that the sa.nple contains dust and fibre and 
hence the two seperate shapes of plots, (In the previous 
plots such shaioes are not seen because, there, the numbers of 
dust and fibres were separately determined and plotted), 

6,10.1 Difference in Resistance to vertical and horizontal 
Transport of particulates 

Figures 6,26 shows the cumulative percent plot ~ r 
of size fractions for two points at 2 m height above floor 
level, one just above the softener and the other at 5 m 
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away from it, The otmiilative percents of the dust and fib3?e 
fractions are given in Jig. 6,27. The details of analysis 
are presented in Table 6, 14. The geometric mean sizes were 
found to decrease fron station 1 to station 2 which should be 
expected because of the settling of larger fractions during 
transport. The standard deviation in both cases were observed 
to be 1,18 for dust. This shows that the sizes of settled 
loarticulates cone in a very narrow range and this is the 
naxinuQ size of dust particles present in the total sample, 
iilso, the roon air velocity is capable of removing particulates 
of sizes smaller than this. The mean sizes of fibre fractions 
were found to be bigger at station 2 compared to station 1* 

This is quite reasonable fron the point of view of the orien- 
tation of fibre particles during settling when they take a 
vertical position. The resistance to transport in the vertical 
directions will be lower than that in the horizontal directions 
for fibres. This phenomenon will be a useful guide in deci- 
ding the location of exhausts. 

Fig, 6.28 and 6,29 show similar plots for samples 
collected from different heights in the carding section. 

The details of analysis are given in Table 6,15, 

The results show that the mean sizes of settled par- 
ticulates, generally, decreases with height. This should be 
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the case because larger particulates are nore in the lower 
layers as they settle easily. In the last stretch an increase 
in nean size was observed. This is due to the suction effect 
exerted by the exhaust fans provided 4^^ this section. The 
percent fractions in the total sample also show expected re- 
sults. The percentages of finer fractions were found to be 
nore at higher levels and those of bigger fractions at lower 
levels. The deviations fron this general pattern are few and 
can be attributed to the location of source, difference in 
air velocity and the presence of exhausts on roof. 

In general, the ventilation conditions in the factory 
roon showed that natural ventilation could not be depended 
upon to reduce particulate pollution in the preparing sections 
of the factory roon. The distribution Of supply points are 
not satisfactory, especially in the softener section. Modi- 
fications in the present system will improve the ventilation 
and reduce particulate pollution considerably. 



GHAPTER VII 


PROPOSAL FOR AN DlPROVEL VENTILATIjN SYSTEM 
FOR A TYPICAL FIBRE FACTORY 

Any systen of ventilation intended for reducing 
pollution should be capable of preventing unnecessary dis- 
persion of contaminants. It should also keep the pollutant 
concentrations in occupied spaces within permissible limits. 
The results of the studies carried out have shed some light 
on the influencing factors* a knowledge of which is essen- 
tial for the design of a desirable ventilation system* Of 
the three mills covered by this study, the jute mill seemed 
to have the most adverse conditions as regards particulate 
pollution and the discussion in previous chapters clearly re- 
veals that pollutional ha.zards can be reduced to a minimal 
if not entirely eliminated by modifications and improvements 
in the ventilation systen. Outlines of a proposal for such 
modifications are given below which are also expected to in- 
dicate directions for other mills, 

7.1 EXISTING VENTILATION SYSTEM IN THE JUTE MILL 

7. 1.1 Details of the Factory Room ; 

Fig, 7,1 shows details of size, openings and exha- 
usts of the factory room, the ventilation conditions of 
which were studied in detail, (Table 5,1 gives details 
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like Tolune of the roon, areas of openings, rate of air 
extraction, rate of air supply, etc of the room in question,) 

7.1*2 Oiperation schodulo ; 

The operations of exhausts, inlets, outlets and other 
openings during the year round are given in Table 7*2. 

Table 7*1 Operation Schedule for Existing Ventilation System 
in the Jute Mill 


^ Unit 

Period of Operation 
or o-P keeping open 

Exhaust fans and local exhaust 

Throughout the day on all 


working days 

Supply inlets 

Prom April through September 


depending on outside temp- 


erature 

Doors on outlet side (West) 

Throughout the year 

Doors on sides (North and 

Throughout the day on all 

South) 

working dayp^ Partially 


covered durifig winter. 

Doors on inlet Bqde(East) 

As above (?)Pors on sides) 

7.1.3 pefects in the present 

svstem : 


Even though exhausts are provided in the softener 
and carding sections, the particulate concoh'trations in these 
sections are above the permissible limit throughout the 
year. During summer months when cold air is supplied and 
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concentrations are least in other sections, the particulate 
concentration in the softener section is still hi^h, IhcDc ind 
cate that the ■\rentilation is inadequate and inefficient. The 
following defects in the present systen could he pointed out, 

1) location of local exhaust in the softener section : 

The location of the local exhaust hood provided over 
the softening nachine (Fig, 7»2), is not correct in relation 
to its position with the emulsion (oil-water mixture) supply 
point. At present, it is pirovided just after the emulsion 
supply point. When the moisture content of jute is high, 
particulate escape from it will he low. So the present lo- 
cation of the hood is at a point where the particulate produ- 
ction is least and is not commensurate with good efficiency. 

2) Location of exhaust fans i 

In the carding section exhaust fans are so located 
(Fig. 7.3) that the flow induced hy then disperses the par- 
ticulate produced by the breaker carding machines (major 
source) into the working environment. The flow pattern 
shoixld he such that the dust hearing air stream should, as 
far as possible, not cross the breathing zone of workers, 

3) Elevation of exhaust fans s 

The capacities of the exhaust fans are low and their 
present elevations make them incapable of producing the 







r system 
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required capture velocities at tue source. The induced 
'•elocities below the cihoust fans are given in Table 7.3. 


Table 7.3 Induced velocities below exhaust fans in carding 
sections (based on theoretical conputations) . 


Distance Z 
(ni) 


Velocity at 

X below 

fans 


1^(4. 88 m' 

Vssc.) 

12 ( 4.50 r? 

Vsec.) 

P^(1.75 m^/sec.) 

cn/sec. 

fpn 

cn/sec . 

fpn 

cn/sec. 

fpn 

0 

97.5 

191.0 

90.0 

176.5 

35.0 

68.5 

(0.463) 





(24.5) 

( 50 . 0 ) 

1,0 

32.5 

63.7 

30.0 

58.8 

11.6 

22.8 

( 1 . 156 ) 



(24.5) 

( 50 . 0 ) 



( 1 . 22 ) 

(24.5) 

( 50 . 0 ) 





2.0 

10.7 

21.0 

10.0 

19.6 

3.9 

7.6 

3.0 

5.1 

10.0 

4.7 

9.1 

1.8 

3,6 

4.0 

2.9 

5.8 

2.7 

5.3 

1.1 

2.1 

5.0 

1.9 

3.7 

1.8 

3.4 

0.7 

1.3 


Values inside parentheses show critical velocity and the 
distance fron the exhoust fan where this velocity is induced. 


A velocity of 50 fpn, required for capturing fine particulates, 

occurs, only very near the exhaust openings. The roon air 
velocities neasured at lower levels below the fan are higher 

than calculated values indicating that those are not induced 

dj the exhaust fans, _ -^-ontila-cion systen intended 
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for reducing particulate pollution will be effective only 
if the velocities induced by the exhaust arrangements at the 
source are at least 25 percent more than the prevailing 
velocity there (Heneon 1965). 

4) Locations of air suouly inlets i 

Air supply points in the carding section are located 
at heights of about 2.65 n above the floor* The sources 
are located below this level and the exhausts above it. The 
effectiveness of the exhausts in nremoving particulates will 
bo reduced by this arrangement* 

5) Locations of doors, windows and other oneninAS : 

The location of the entrance door adversely affe- 
cts the efficiency of the local exhaust over the softening 
machine. Air velocities near the hood caused by flow through 
the door ranged from 60 - 140 fpm compared to the face velo- 
city of nearly 80 fpm of the hood. The cross draught 
produced by the air flow adversely affect the particulate 
capturing capacity of the exhaust hood. 

The difference in height between the centres of 
inlets and outlets is only 70 cm, and the chimney effect 
produced by this height is very low, Utiliza,tion of natural 
ventilation, especially, in the less polluted sections will 
be less effective due to the low chimney effect. 
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"7.1.4 Renedies ; 

The remedies for the various defects are presented 

below ; 

1) Better location of exhaust system in softener section : 

The location and orientation of the exhaust hood 

should preferably he changed es shown in Pig. 7 .2. The exhaust 

, be-fcre 

hood should he located just iaf ter the emulsion supply point, 

A cover over the length of softener in front of the hood? 
will prevent the escape of particulates and will effectively 
bring the hood fc.co nearer to the worker. Air supply from 
behind the worker will give a push-pxill effect for the total 
system and particulates escaping while feeding the jute to 
the machine also will bo trapped by the air stream. The design 
of the modified local exhaust system is given in Appendix - I , 

2) Exhaust Arrangement s in Gardin^ Section : 

To get a desirable flow pattern for preventing the dis- 
persion of particulates into the working environment, the 
exhausts in this section should bo located above the breaker 
carding machines. Appendix - I gives designs for various 
alternatives. Exhausts provided on the roof which will 
give a velocity of 0,245 m/sec (50 fpm) at the source will 
have a total extraction rate of 152,69 n"^/sec., nine times 
that for local exhaust system, lowering of the ekhaust 
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openings upto 1,1 n by piping does not reduce the extra- 
ction rate. A systen ■'nth local exhausts for the Breaker 
and finishing cards will have the least total extraction rate 
jf 16.92 n^/sGC,, But the initio,! cost in this case will bo 
caxinun because of tho pipinps and enclosures needed. Also, 
this systen will not take care of the particulates leaking 
out of the enclos'ures. A conhination of local exhaust for 
the breaker carding nachine and a plain exhaust opening for 
the area between the breaker and finisher cards has a flow 
rate of 26.93 n^/sec. The initial cost in this case will be 
considerably less because of less duct work. Also this will 
serve better the working area between the carding nachines. 
Particulates leaking cut of the enclosures also will be taken 
care of. The actual choice will have to be nade on the basis 
of particulate renoval efficiency and of overall econony. 
According to present ai^alysis alternative 4 given in Api^endix - 
I . seen to be nore desirable in nost cases, 

3) Air supToly ia ^lets ; 

In the softener and carding sections, air supply in lets 
should be so located that a piish-pull effect is attained, 

Por this, the air suioply points should be located along the 
t 2 ?ansverse direction (east— west direction) and the flow 
should be at right angles to it. The existing air supply inlet 
in this section sho'uld be closed. 
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4- ) Locations of doors, ^/rindoiArs and other openin)S:s i 

In tlie softener and carding sections, as the ventila- 
tion is a forced one, openings other than inlets and outlets 
should be a ninimun. The entrance door is very essential 
for the novenent of nen and materials. The sane is the 
case with doors and Doors D^, D^ D^ and Dy nay be 

closed. To avoid cross draughts produced by air flow through 
D^, a baffle which protects the face of the local exhaust 
hood should be provided. 

To increase the chimney effect, the sunlight openings 
in the drawing, spinning and weaving sections nay be modified 
to serve the dual functions of admitting sunlight and carry- 
ing air inwards or outwards, lor this, shutters should be 
provided on the eastern and western sides of these openings, 

7,2 MODIFIED VBITILATIOh SYSTEM IN THE JUTE MILLS 

Fig, 7,4 shows the modified ventilation system in the 
jute mills. Local exhausts are provided over the softener 
and breaker carding machines. The area between breaker and 
finisher cards is served by plain exhaust openings, A main 
running over the breaker cards carries the particulates 
collected from the section for treatment or discharge into 
the atmosphere. 
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Operation schedule ; 

Por the new ventilation systen, the operation schedule 
IS given in Tatle 7*3. 

^able 7.3 Operation schedule for nodified ventilation systen 
in the Jute tlills 


Unit 


Periods of operation 
or of keeping open 


local and other exhausts 


Air supply inlets in the 
softener section (wall grilles) 

Air supply inlets on the other 
side of carding section (la- 
teral outlet fron supply nain) 

Air supply inlets serving other 
sections 

Windows in drawing, spinning 
and weaving sections (east ) 


Doors on eastern, northern 
and southern sides 


Doors on western side 
Shutters in sunlight openings 


Throughout the day on all work- 
ing days 

Throughout the day on all work- 
ing days 

During sutamer and winter months 
when the windows will he kept 
closed 

During summer months 


During all periods when out- 
side climate permits their 
opening 

Throughout the day on all work- 
ing days (Partially closed 
during winter months). 

Throughout the year 

During all periods when outside 
climate permits the opening of 
windows on eastern side. 
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7.3 VECTTIL/ITIOIT aOHSirBU/ITIONS IN THE PMMING- MD DESIG-H 

OE A NEl’7 JUTE MILL 

A desirable ventilation systen would be one which 
is econonical in the long lun and at the same tine serves the 
purpose effectively. Natural ventilation systen is always 
the most economical one. But it is, usually, inadequate 
to reduce pollution conditions in an industry to permissible 
levels under all weather conditions, A mechanical ventilation 
system on which one has conpletc control will be a better 
choice for industrial ventilo-tion from the point of industrial 
hygiene* 

In the case of a jute mill the preparing sections are 
more polluted and a forced ventilation system should be chosen 
for these sections, Eron drawing sections onwards, the parti- 
culate production is very low and the ventilation system should 
be designed for the maximum worker comfort. Fig, 7.5 shows 
the outlines of a ventilation systen for a jute mill suggested 
on the basis of these principles. The softener and carding 
sections are separated from other sections to ensure better 
control. The windows and ventilators are so placed that 
natural ventilation coulT be mcdo use of whenever possible. 

The orientation of the building also is planned to meet this 
purpose. The operation schedule for the new ventilation 
system is given in Table 7. 4-, 




W/A( t 
Ki'^HT 


T'. A I Si Hr 


V^MT I i.^TOl. 


^ta ?nw fi, 
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Table 7.4 Operation sdiedule for new ventilation systems 
in a Jute Mill 


Unit Period of operation 


local and other exhausts Throughout the day on all working 

days 

During all the working hours when 
the windows on the left side could 
not be opened. 

Throughout the day on all working 
days irrespective of wind direction 
and temperature difference, 

Windows on left side Depending on the season. Opened 

when the wind is from left to 
right. When it is not possible to 
open the windows due to extzreme 
temperature conditions they should 
be kept closed 

When the wind is from right to left. 
Closed when temperature outisde 
does not permit their opening, 
vrhen 

Opened/windows on right side are 
opened, 

ITentilators on right side Opened when the windows on left 

side are opened. 

Air supply inlets in draw-- During summer months when cold air 
ing, spinning and weaving is to be supplied for worker 
sections comfort. At this time all the 

windows and ventilators in this 
section are closed. 


Windows on right side 


Ventilators on left side 


iiir inlets on the left side 
as in Pig. 7.5. 


Air inlets on the right 
side as in Pig, 7.5. 
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CONOLUSIONS AND SUGGESTIONS 


8.1 GONOLUSIONS 


Iron the United studies carried out the following 
conclusions could be drawn s 

1) Particulate pollution in the preparing sections of 
fibre factories are rather high and would pose health hazards 

to the workers, 

2) Natural ventilation is inadequate to reduce parti- 
culate pollution to the pemissible levels in the highly 
polluted preparing sections of all fibre factories. In the 
case of jute nills a well planned natural ventilation systen 
will be sufficient for sections following the drawing section 
and including that if they are separated from the preparing 
sections, 

5) Provision of exhaust fans alone will not reduce 

particulate pollution to the pemissible levels. Maxinun 
efficiency of particulate removal could be expected only if 
flow patterns with adequate transport velocity are developed 
around the sources such that particulates will not disperse 
into the working environuont but will be transported to the 
exhaust openings. 



4) The transport of fibre particles in the horiz-ontal 
direction is nore diffccult than that in the "vertical dire- 
ction, This indicates that the exhaust openings for the 
renoval of fibre particulates should be so located that the 
flow induced, is in the vertical direction, 

5) With a well designed ventilation systen having proper 
locations of inlets and outlets and adequate exhaust flow 
rates, it is possible to reduce particulate pollution to per- 
missible levels in all sections of fibre factories through- 
out the year. 

8.2 EW&IWEERIWG AM) HT&IEWIC IMPQRTANaE OF THE PBBSENT STUDY 

The Eiain difficulty in inplenenting industrial hygiene 
measures in India is the dearth for factual informations 
regarding pollution conditions in industries. On this score, 
the present study will be beneficial as it provides some 
useful data. Some of the significant factors are given below i 

1) The rate of production of particulates by various 
machines and the size distribution of the particulates will 
provide useful data in planning control measures. 

2) It is established that the effective renoval of 
particulates us possible only by creating particular flow 
patterns having adequate veloci"ty. This will serve as the 
basis of design for any ventilation system for reducing 
particulate pollution. 




3 ) 


Inf 0 mat ions rG 3 ,a,rding particle size distribution, 
weight fractions of particulates of sizes less than 
10 microns, peicO''-tage of free silica and presence of 
microorganisms - i bhe particulates of factory room 
air are of hygiv.nic significance and may be na.de use 
of in the diagnosis and treatment of diseases o.nong 
fibre factory ^ orkers. 

8.3 SUOGESTIONS FOR FlIETHER STIIDIBS 

lot more work is needed t:) be carried out in the fibre 
factories for ascertaining pollution condition®, its effects 
on workers and its control, A few possible directions are 
mentioned below ; 

1) An elaborate study with sampling and measurements dur- 
ing all the months of an year to give a more clear pi- 
cture of the soas'-nal variations in pollution condi- 
tions and the influence of natural ventilation . A 
natural ventilation system designed on the ba,sis of 
such - complete de.ta will be more effective in reducing 
pollution. 

2) The effect of pollution on the health of workers be 
carried out in collaboration with medical profession. 
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3) Detailed studies of particulate properties like Ixygro- 
scopicity, dielectric constant, etc and their influence 
on the flocculation and transport of the particula,tes 
to help in designing better control measures, 

4) Determination of velocity distribution inside the 
factory rooms under various conditions to help in 
deciding optimal modifications to the existing ventila- 
tion conditions and designing better ones. Computer 
aided-simulation model studies may be carried out for 
this purpose, 

5) Model and pilot-plant studies as also in-plant studies, 
to verify the applicability of suggested improvements, 

6) To study the influence of a particular phenomenon, say, 
tomperatixre or relative humidity on the production and 
transport of particulates, we should be capable of 
keeping all other influencing factors constant and 

va,ry the interested phenomenon. But this was not possi- 
ble because of the particular field conditions. So 
only the combined effect of influencing factors could 
be observed, A model study can solve such problems. 

7) Ventilation studies could not be carried out in cotton 
and woollen mills and comparison was possible only on 
the basis of siae-distribution of particulates. 
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APPEroiX - I : Desx^iis 
1 ♦ 1 local exhaust pve i\ s ofteners 
Data 

Width of source 1,0 m 

Distance of worker 

from source 1,0 - 1,5 n 

Transporting velocity 17.85 n/sec (3500 fpm) 

(Withe ridge 1958) 

Design 

Assime a velocity of 0.245 n/sec (50 fpn) at a dis- 
tance of 1.0 n fron fie hood foce, let the face area of hood 
be 1.0 X 0.3 = 0.3 n^. 

Then rate of flow, 

Q = 0.75 f(l0 + A) 

= 0.75 z 0.245 (10 X 1^ + 0,3) 

= 1,892 m^/sGc, 

Pace velocity 7^ = = 6.32 n/sec, 

= 1240 fpn. 

Area of transporting pipe 

= 0.106 


1.892 

17.85 
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Dia of pipe = 36,75 cm 

Velocity distribution 


z 

V 


(n) 

n/ sec 

fpn 

0.5 

0.865 

170 

1.0 

0.245 

50 

1.5 

0.1105 

21 

2.0 

0.0623 

12 


1,2 Gelling exhaust in carding t 

Distance of source = 2,69 - 4,53 on feeding side 

Distance of the 

centre of breathing = 3.94 ~ 5,25 on receiiring side 

zone 

Let the velocity of flow at 4,53 n be 0,245 m/sec (50 fpn) 

Q = 0.75 V (10 + A^) 

neglecting 

Q = 0.75 X 0.245 x 10 x (4.53)^ 

= 37.7 m^/sec. 
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. p 

■ = 2.11 n 

Soction = 145 X 145 cm^ 

Wh .611 "tliG Gxl'in.'u.S'b Q_g loworod "by 1,0 n, 

Distanco of source = 1.8 - 3.94 n fron exhaust 

histancG of breathing zone = 3.2 - 4.75 n on receiving side. 

Rate of flow for plain exhaust is given by 

Q = 7(10 + A^) 

= 0.245 (10 X 3.99^) 

= 41.7 n^/sec. 

Lowering the exhaust face does not reduce flow rate. 

1“3 Local exhaust over cardinig: nachines (entry point) 

Length of source = 2,0 n 

Let the capture velocity at a distance of 50 cn fron 
the exhaust be P 0.245 n/sec. (50 fpn) 

The flow rate for a slot flanked by a surface is given by 

Q = 2.8 L7X 

= 2.8 X 2.0 X 0.245 x 0.5 

= 0.68 n^/sec. 

Pace velocity = 0,68/2,0 x 0.1 (assuming slot face dimension 

as 2 X 0,1 m) 

= 3.4 n/sec (666 fpn). 



Area of transporting pipo 

Choose 22 cm 9 pipe. 

Velocity distribution. 

= 0 . 68/17 

,85 = 0.038 

V 

X = ( 0 ) 

m/sec 

fpm 

0.1 

1.215 

238 

0.2 

0.607 

118 

0,5 

0.405 

79 

0.4 

0.304 

60 

0.5 

0.243 

48 

1.0 

0.121 

24 


I“4 local exhaust for oardinff for hopper below aachine ; 

Pipe dia recomended = 9“ = 22,86 cm (area = 0,041 n"^ 

(Alden 1948) 


Static suction in inches of water = 0.75’’ 
Velocity of flow = 4005 fO.75 


= 5500 fpm 

= 17 *85 n/ sec , 


1-5 


Rate of flow = 0,041 x 17.85 

= 0.752 n^/sec. 

local exhaust for finisher card (Alden 1948) 


Pipe dia recommended = 6’’ 

=* 0,01825 


area 
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Static suction 
Velocity of flou 

Rate of flow 


1' ' (Water gauge) 
4005 ^l 
4005 fpn 
20.4 m/sec. 
0.01825 x 20*4 
0,373 inP/seo, 


f~6 Plain ex ha ust between carding na chines i 


location 1,75 a above floor level, let the velocity 
of flow at 1 n bo 0.245 u/sec, (50 fpn) 

Q = V(10 + A^) 

= 0.245(10 X 1^) 

= ' 2,45 n^/sec. 


Assume a size of 60 x 30 cn^^ 


Area 


= 0.18 n 


Pace velocity 


(2665 fpn) 


Area of transpor- _ 2,45 _ o.l37 

ting pipe 17*85 


Choose 41*8 cn ra pipe. 

Velocity distribution using fornxila Q = V(10 X +■ A^) 


~~~ _ V 

X(in) a7sec7"" fpn 


0.5 

0.95 

186 

1.0 

0.24 

48 

1.5 

0.11 

20 

2.0 

0.06 

12 
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1-7 Possible Oonbina bzons ; 


Item Systen 


Flow rata Renarks 

(n^/s$c) 


!• Bxliausts at ceiling 37.7 x 4 
4 ntunbers = 150,8 


Piping and initial 
cost least. Recu- 
rring cost too nuch. 


2 . 


3. 


Bxliausts wibh opening 41.7 x 4 
lowered (4 nunbers) _ 166,8 


Short length of pi* 
ping, initial cost 
low. Recurring cost 
high. 


Local exhausts syst- 1,892x1=1.892 

en for all mchinos 0.680x8=5.440 

0,732x8=5.856 

0.373 X 

10 =3.730 

Total 16.918 


Initial cost uaxinun 
Maximum length of 
piping. Particulates 
leaking out is not 
removed. 


4. 


Local exhaust syst- 
en for softeners and 
entry points of bre- 
aker cards. Plain 
exhausts for area 
between carding 
machines. 


1.89x1= 1.89 
0,68x8= 5,44 
2.45x8=19,60 

Total 26,93 


Initial cost medium 
length of piping 
medium. Particulates 
from the breathing 
zone are removed. 


The actual choice will have to be made on the basis of parti, 
culate removal efficiency and of overall economy. According 
to the present analysis alternative 4 would seem to be more 
desirable in most cases. 
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1-8 Air suTOioly inlets ; 


The design of air supply system for item No, 4 above 
IS given below. From the ucasurenent of the existing air 
distribution system the value of K in the equation 


hi = 


' 0 o 


was found to be 1.77. This agrees with reported values of E 
for grilles. The design is done to give a centre-line 
velocity of 0.2^5 m/sec. (50 fpm) at a distance where the 
air stream reaches the workers. 


Z = 18.8 m 

= 0.245 m/sec. 

Total discharge should bo sufficient to make-up the air 
extracted. 

Total discharge from the left side = 1.892- + 0,68 x 8 

= 7.332 mVsGC. 


let there be 4 inlets 

Discharge per inlet = 1,833 ci /sec, 

1 . 0 . , = 1.833, where A^ is the face area of 

inlet • 


u = eVa^u 

cl “ 00 
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Substituting for K, Z and A U , 


= 2,89 m/sec (566 fpia) 


o 


0 2.890 ^ 

Clioosing an opening of 1.25 x 0,5 n with area 0.625 
tbo face velocity =2.93 m/sec (575 fpm) 


Air supply from right side =19.6 m^/sec, 

No, of inlets required = ~ 10,7 

Provide 11 inlets of size 1.25 x 0.5 m with, face velocity 
575 fpm. 

I~9 Duct system design ; 

The velocity pressure method outlined in the ’Duct 
Design Procedure’ (American Conference of Governmental In- 
dustrial Hygienists 1964) was used for the duct-system design. 
The design includes tho following steps i 

1) Preparation of lay-out of the duct work, 

2) Design of hoods 

3) Determination of air flow rates for each exhaust hood. 

4) Assuming air velocities (3500 fpm) for each duct, 
determination nearest duct diameter. Choosing 
available diameter of pipe (ACGIH 1964, p* 6-1), 
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5) Determination of entrance loss for each hood using 
tables (AOGIH 1964, Fig. 6.5 p.6.14). 

6) Determination of duct friction (ACGIH 1964, 

Fig. 6,16, p,6.26 and Fig. 6.20, p,6,32). 

7) Balance pressure drop by adjusting duct size. For 
this the total pressure drop from any point in the 
system to each upstream opening was made same. 

8) Summarization of system resistance. 

9) Selection of appropriate and adequare fan. Steps 
8 and 9 were no t done in the present design as the 
portion designed was only part of a bigger system , 
complete details of which were unknown, 

1.9.1 Design of hoods ; 


2 3 

Hood Name Type Area m m'^/sec. 


Local exhaust Flanged with 0,30 1.892 

hood over sof- cover in 
toner front 

Local exhaust Slot 0,20 0.680 

over breaker 

card 


Exhaust bet- 
ween carding 
machines 


Plain 


0.18 


2.450 
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D>— Local Exhaust ovor softener 
P — Local exhaust ovor Broaler card 

Pla.iii Exhaust hutween carding machines 


Fig. I-l LAY-OUT OF DUCT ¥0EE 
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1.9.2 Duct System lesi^. 


Name 


A1 

A2 

ilB 

B3 

BC 

04 

CD 

D5 

DE 

E6 

BE 

E7 

EG- 

GS 

GH 

H9 

HI 

no 

IJ 

Jll 

JK 

K12 

EL 

113 

LM 

M14 

MN 

N15 

NO 

016 

OE 

P17 

PQ 


Straight 
length ) 

(ft) 

7.40 
8.20 
5.74 
4.92 
5.74 
8.20 
5 .74 
4.92 
5.74 
8.20 
5.74 
4.92 
5.74 
8.20 
5.74 
4.92 
5.74 
8.20 
5.74 
4.92 
5.74 
8.20 
5.74 
4.92 
5.74 
8.20 
5*74 
4.92 
. 5.74 
8.20 
5 .74 
57.35 

• Not fixed 


Bltows Entries 

(No. -angle) (No. -angle) 
de^'^ree degree 

1 - 90 ° 0 

1 - 90° 1-30° 


1 - 90 ^ 


1 - 90 ^ 


1 - 90^ 


1 - 90 


1 - 90" 


1 - 90^ 


1 - 90^ 

2 - 90^ 


1-30^ 

1 - 30° 

1 - 30 ° 

1 - 30 ° 

1 - 30° 
1 - 30 ° 
1 - 30° 
1 - 30 ° 
1 - 30° 
1 - 30° 
1 - 30 ° 
1 - 30 ° 
1 - 30^^ 
1 - 30° 
1 - 30^ 


1440 

5180 

6620 

1440 

8060 

5180 

13240 

1440 

14680 

5180 

19860 

1440 

21300 

5180 

26480 

1440 

27920 

5180 

33100 

1440 

34540 

5180 

39720 

1440 

41160 

5180 

46340 

1440 

47780 

5180 

52960 

4000 

56960 


Duct 
dia • ^ 
finches) 

8 

16 

18 

8 

20 

16 

26 

8 

28 

16 

32 

8 

34 

16 

38 

8 

38 

16 

42 

8 

42 

16 

46 

8 

46 

16 

50 

8 

50 

16 

52 

14 


Corrected 

dia 

I (inches) 


14.5 


14.5 


14*5 


14.5 


14.5 

14.5 




( Hq[f ?r*n (^) hut, 
wra- 5 ^ cft?r. 5 ^, ^ qf^ ^ ^ it 1 1 

s?r, ftq I UcHtj’ ^ vtifct 1 1 

( ? ^ ) ?i«rT— 

q^t f=q ^t[ =^q 5 -Tttur uf?ft ui«i qf^am i 

» 7 ^ gi’Fttg jRf jttt tt;ni««r«BT ^f«? 3 iii*’ 

, ^ ..w«''U-f^ 15^ I I S 

( R ^ ) ’!i«n— 

“im w 1% qq:-m gf ‘^ir’ ^qttr 1 
^ fut^ efe ^fk ^ ^ ^lii” 

^ itq^rrw^ti gqqr €1 =qt«ft ps it ^ 1 1 

q?if^ ^ ^RTsr ^ t q^f, =^q q?: ^ ^ Hifl i 
“«iiq% «n 5 R-=#^ ^ ^^t'Ttrr i^KTut ll” 

nT qinOT 1 1 

H.. ? 3 gtqf , qsn — 

w^Vh q| ‘5?:^qq;’ ^t^fq mt[ l” 
^ “qlt:-% §1 qi^t” 13=^ ‘:=H^’ ^ * 
srf^^q^, q«tt-— 

“«T« 5f*l 5!f5 U” 

^ “q^” ?r(^ 'RC 1 1 



